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5 (57)Abs.«cUa^inven.onrela.es^^y^ 

2 for tf« detection of targe, analytes^m d^^r-d^^ 

comprising a bead-based analytic chennstiy system u. "^^J^^^T^^ ^les tl«l can bind the individual micopheies. 
g aUrareLtxibutedon an array ^.bstrateco,^^ 

O TTiebeads are generanyput onto the substiaterandom^mm^a^ generally fluorescent dyes, that could be used to .denufy 
O lnoneembodin«nt,uni|jueopticalsj^a^m^^ 

> then the beads are randomly distributed on a patterned surfece. 
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THE USE OF MICROFLUIDIC SYSTEMS IN THE DETECTION OF 
TARGET ANALYTES USING MICROSPHERE ARRAYS 

r ,««n of 11 S Serial No 09/316.154 filed May 21 . 1999. 
This is a continuing application of U.5 &enai ino. 

FIELD OF THE INVENTION 
T.einventionre.atesgenera.lyto.et.odsandapparatusforconductingana,^^^^ 
microfluidic devices for the detection of target analytes. 

BACKGROUND OF THE INVENTION 
. c«r= for the detection of the presence and/or concentration of 
^ su,»«.s in »u,ds 3„. gases. * J ° ^ „ ^,^) 

molecules, enzymes, etc. 

d-BBitattd on a substrate al discrete s*=s. The beads are put do«n 

«nspa«ner,,.3.canbe„sed,odete««pre3e™.~a^^^^^ 

r,„«^,^.ena.a«c,decodin,scbe™d^^^ 
functionality at each site. See for example PCTUS98/211 93. ku. u 
andPCTUS98/09163. 
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...s..^; ...oe. .^e.,. ...... 

5,681,484; and 5.603,351. 

T«..,.e,e,sane..^3*™..*.^-.h„.^.hs™. and high .en,.,...^oa„.eu,=. 
in a high throughput manner. 

SUMMARY OF THE INVENTION 

d a d«ec«on h»d.« con^hslng a sub««» w«h a sudace «mphs,„9 <„sc«,» s.as. and a 
Zrho,tLp.--co.pKs..aUea.a...a.as^nd..p.p.a^n,w^^^^ 

::::,a.on»™;sa.ap^a,eh.. ^'^"''"-^-'"''^z^:::^ 

JJon h»du,e a,» co,.p™ses a daMon *. port » r«ah,e »,a .an^a- ''''^ ^"" '^ 
detection inlet port 

BRIEF DESCRIPTION OF THE DRAWINGS 

, S , graphical,, da,cU i^rovad .*na, i„«„s», wUh vib^tlon 0, ma chip d„hhg h,h«.^h. 

DETAILED DESCRIPTION OF THE INVENTION 

T.e ih«h«oh p™.«as h,u=,o.u* casaene, o, de.»es «,a, can ba .sad » e«ec a numhar o. 
TnipuM^^ on a san,p« «. uLn^t,., ^ in «rga. ana,» da.ac«on o, <,uan«ica.=n. Th^ 
Z pIL can i^ Ja call handling (call ccncan««^. ca. I,* ce. .n»,al. call aa^W. 
30 :7«"l"o,.ada.,.»rga.ana,,»,™.o.he,aa.placa™pcnan«,cha.^.o-anz,n^ 
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,„*„s »n .ho arge, an,^«. deteOlon 0. ana^le. «c. The de-lces of «.e invenUoh 

mese we«s incWng miccehannCs conUNag a,ear.pho..^ »pa.a«on ™,n«s; .ah«s U. ccnW 
ILve^an. o„.h,p pu.ps auch as e™.c, e,ec«M^,aa* o, a.— p.^, 
a„d,a.ac*ns,«a.sao.p.s,aghea.a^s,as.™-a..lM«c*e.ba^. Thadav,=eso.*. 

i„.a«lon car ba conflgurad io maaipulata oaa or mu«lpla samplas or anal,»s. 

Tha a<cro«uMic davioas of fha invanUon a,a usad fo detac, U.ga. anahrfaa In aah,p,as. B, -.arga, 

da^hadabova. AswIII baapp.acla.ad b,*oselr,r,. a». a terga numbarof ana„es,na, Pa 
HTd using *.pr.aa„.™*ods:ba.ca,.,an,».ga.ana..e,o,.«chab,nd^,^nd.dascnbad 

harain. may ba daKcKd using Oie ma*ods of the InvanMn. 

salable ana^»s ihCuda organ, and Inorganic n»tecu,as, ,nc,ud«,g b;on»lea„es In a prefer^ 

e^bodl^ant « ana,.a may be an an«n« polMan, (.eluding pas.»«as ,nse« »»ns, 

e.c )■ a Chamica, (including aoKranB. polymers, organ. maKnals, arc): «,arapau»o moteo-aa 

(IncKidlng merapaufic and abused drugs. an.ibio«cs. a.c.); h,or»lacutes (Wuding honnonas, 

C.o«nas. proteins, lipids, carbohydrates, cellular n^mbrana anngens and racap»rs (neural. 

rolnai; nu^eht and C, au^c. racep.ors, or meir l,ands. etc,; whote c* ,lnclud»g procaryCc 

(such as pawoganlc bacteria) and euKaryofc calls, including mammalian Bimor cells); v^sas 

^uding rallusas. herpesviruses, adenoviruses. ,a„.v,™ses. e.c.); and spores: e«. Pedicular, 

preferred analytea a« envlronmantei pollutenta; nucleic acids; proteins (Including enzymes. 
r^las.ani;gens.grow.hfac.o..cy,oKinas.a.c);.herapeu.icandabuseddrugs; cells; and vi^ses. 

in a preferred ambcdiman.. «,e terge. analyta . a nucleic aC. By -nucleic acid" or •■ol^ucl»«de- 
.,gra™™*^a,u.atenteh«einm.ansa,laas..«onudao.desco.alen*,in»ad|«ama,.A^ 

JL add 0, me present lmten«on w» generally contein phosphodiastar bonds. a»»ugh ,n soma 

casea. aa oudlnad belcw. nucle»= acid analogs are Included mat may have "^^"^^^ 
con^lng.terexamp,a.phos,*oram,de(Baaucagae.af.Te«hed,on4g(,o,;.925(,93,and 

raterences therein; Letelnger. J. Org, Chem 35;3800 (.970); Sphnz, a. a... Eur, J, BiC««- 1579 
,,977); Lelalngar a. a,,. Nud, Acids Rea, ,4:3487 (1986); Sawal e, al, Chem, Lett »05 
La«ngar e, at. 0. Am, Chem, Soc. ,,0:4470 (,988); and Pauwals a. al,. Cham^ Scnpta 26:,4, 
9,986)). phosphcrothbate (Mag at al.. Nuda. Ackis Res. 19:,437 (,99,); and U,S. Patent No, 
5644 048) phosphorodilhloate(Brlu etal,. J. Am. Cham Soc, 1„:2321 (1989). 0- 
mamylphophoroan^dke .nkages (see Ecksleln. CHgonucteoUdes and Analogues: A Pracbcal 
Approach, oxford Un^erslty Press), and pep«de nucleic acid ba*bones and linkages (see Egholm. J, 
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Am Chem. Soc. 114:1895 (1992): Meier et a... Chem. .nt Ed. Eng.. 31:1008 (1992); Nielsen. Nature. 
365-566 (1993): Carlsson et al.. Nature 380:207 (1996). all of which are incorporated ^ reference). 
Other analog nucleic acids indude those with positive backbones (Denpcy et al.. Proc. Natl. Acad. So. 
USA 92-6097 (1995): non-ionic backbones (U.S. Patent Nos. 5.386.023. 5.637.684. 5.602.240. 

- 5 216 141 and 4.469.863: Kiedrowshi et a... Angew. Chem. Intl. Ed. English 30:423 (1991): Letsinger 
eial J Am Chem. Soc. 110:4470 (1988): Letsingereta... Nucleoside & Nucleotide 13:1597 (1994): 
Chapters 2 and 3 ASC Symposium Series 580. "Carbohydrate Modifications in Antisense Research". 
Ed Y S Sanghui and P. Dan Cook: Mesmaeker et al.. Bioorganic & Medicinal Chem. Lett 4:395 
(1994)- Jeffs et a... J. Biomolecular NMR 34:17 (1994): Tetrahedron Lett. 37:743 (1996)) and non- 

0 ribose backbones, including those described in U.S. Patent Nos. 5,235.033 and 5.034.506. and 

Chapters 6 and 7. ASC Symposium Series 580. "Carbohydrate Modifications in Antisense Research . 
Ed Y S Sanghui and P. Dan Cook. Nucleic acids containing one or more carbocyclic sugars are also 
included within the definition of nucleic acids (see Jenkins etal.. Chem. Soc. Rev. (1995) pp169- 
176) several nucleic acid analogs are described in Rawls. C & E News June 2. 1997 page 35. All of 

5 these references are hereby expressly incorporated by reference. These modifications of «.e nbose- 
phosphate backbone may be done to facilitate the addition of labels or to increase the stab.l,ty and 
half-life of such molecules In physiological environments. 

AS Will be appreciated by those in the art. all of these nucleic acid analogs may find use in the present 
invention. In addition, mixtures of naturally occurring nucleic acids and analogs can be made. 
> 0 A«ematively. mixtures of different nucleic acid analogs, and mixtures of naturally occuring nucle.c 
acids and analogs may be made. 

Particularly preferred are peptide nucleic acids (PNA) which indudes peptide nucleic add analogs. 
These backbones are substantially, non-ionic under neutral conditions, in contrast to the h,ghty 
Charged phosphodiester bad<bone of naturally occurring nucleic acids. This results .n two 

25 advantages. First, the PNA backbone exhibits improved hybrid'^ation kinetics. PNAs have larger 
Changes In ti,e melting temperature (Tm) for mismatched versus perfectiy matched basepairs. DNA 
and RNA typically exhibit a 2^-C drop in Tm for an internal mismatch. Wth the non-ionic PNA 
backbone, the drop is closer to 7-9-C. This allows for better detection of mismatches. Similarly, due 
to their non-ionic nature, hybridization of the bases attached to these backbones is relatively 

3 0 insensitive to salt concentration. 

The nucleic acids may be single stranded or double stranded, as specified, or contain portions of both 
double stranded or single stranded sequence. The nudeic acid may be DNA. both genomic and 
cDNA RNA or a hybrid, where the nudeic acid contains any combination of deoxyribo- and nbo- 
nudeotides. and any combination of bases, including uracil, adenine, thymine. cytos.ne. guanine. 
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* icnnnanine etc As used herein, the term -nucleoside" 

herein as a nucleoside. 

,n a preferred embodiment, the present invention provides methods of detecting target nucleic acids^ 
In a preferreo emoou , k „„matical eauivalents herein means a nucleic aad 

Bv -taroet nucleic acid" or -target sequence" or grammatical equivaiems n 

By target nuuic. .^^o* «on.ience mav be a portion of a gene, a 

regulaton, sequance. genor,c DNA. cDNA, R e^ibodiments, » may 

p„,p«as. smaller tragmans are ganaraH, P-<«™^'« " ^ .^,„ , 

genomic DNA. among others. 

:„;.:l»*ap^nceora»sanceo,*a.a,,e.se,ua„ca.asa.p,a.Oe„a«,.spaa.n,..» 
term vi^ill be understood by those skilled in the art 

T.a«,a,sa,^nca.a,a.o«=ompisado.di«a.n.«,,e.dorna,ns..ore^mp«jn-aan^^^^ 

as c.^ ^. a ^rga. domau, of the sample ^9e. sequence may hybnd^e - a 
Z-nl"capn,.ex«„de,p™«eandaseoond«^e,do™,nma,.y»dd.e»ap2";- 

.e, P»be, a label pro«. » a d»teran, capture or capture extender p«>«. et. r, dd««n. tba 
Z* L.s™,baadiacant,e.=on,3uoos,orsapara»d. Fc,exaMa.wheal,gaUoa 
riZTareus^.aJ.^mer™ybyb«.e.oa.,s..ar^tdo^nardasecoodprmerm^ 

XrLseco^.ar,e.do™.;ei.bertbedon,al„sa,aad^ce„tor.ayma,besepara«^ 
l.™.ou.aot»as.coupled-.btbauseo.ap^meraseaoddNTPs.as,s™ra«.™.™a 



below. 



T.e,.nms-«rsraod-seoond"arao«meao,.ocon.a,ano*ou.ono,.hese,uancas«*respec..o 

„a ode«a«on o, tba ta^e. saoua^e. For example, assuming a «■ cnen^t»n o, « 
ccmp.™n«^.ar,..se,uenca.me..ttarge,domainmayba^t.da»er5.otKaseccnd 

domain, or 3' to the second domain. 
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erraU-Pa,..p=s...ep™.alnacaousBrge.ana,,as«a.™,be.a»c,e^us.^^^ 

analogs to retard degradation by sample contaminants. 

S„.P.»...a„a.»sl„c«eca.oM..es.lPC,u..,..no,l,...»^^^^ 
,CA,S-3. CA 549. CA 27^). mucin-.Ka ca.Ino™ assodatad an.gea (MCA, c^c. 
pancreatc can»r (DE-PAN-a. an. co«„ac«l an. panc.a«c canee, (CA 19. CA 50, 

CA242). 

These target analytes may be present in any number of different sample types, including but not 

Acconllng, ma p.san. Invandon p™.»as n,lc™«c da.l=as to, *a da»*n «' 

«aidsubst,ale AS outimadbaw. the substrate maKIng up tliam,cro«u,d«dev,ca 

rdaL.na™,,9ane.,.^e,e,^»--"-..a■a,.,a.bs^.a^d^ned^^^^^^^ 

substrate can be made 0. a wida variety of matariate and can be conHgured ,n a large ™"*« "'J^' ■ 
3^«Lssed,».lnand-beappa.nt.oo*.,sK,llln..aa.. lnadd«on,a.n9.™y 

Ipnse ™re than one subst^ta: tor example. ^ ma, be a -sample t^-men c^»a t^t 
ILs with a separate "datect^n- cassette; a raw samp« Is add«. ,0 tl» sample treament 
^aLn^npulatedtopraparethesamptetord^ectlon, Which isremcvedtnmt e^m,* 

^tcassette and addedtotl^detectioncasset^. There ma,beanadd«lona,^n».^^ 

^tta into wh»h ^ device f ts; for example, a heaUng element wh«:h . placed ,n contact wnh me 
^lssettetoeffect.ac„onssuchasPCR..nson»cases.apor.ono..hesubstratemaj^^^ 

Zvable; ..example, thesan.lecass.,e ma, baveade^cha^edete^oncasset^^ 

entire sample cassette . no. contacted w»h ^ de,ec«on appa,a,i«. See for example U.S. Patent No 

s.603,351 and PCT US96/1711$. hereby Incorporated by reference. 

Thecompos«iono,mede.^subst..e-dep«.donavane,y Offerors, .dudlngthete^^^^^^^^ 
used to create the de..e,*euseof the device, me c^nposLonofthe sample, the analyte to be ^ 
^led. he Of me W.IS and mlc™cbanne..m. presence or absence Ofetec,ron«c».,.,nen,s, 
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,iH pasilv sterilizable. exhibit low fluorescence and 
etc Generally, the devices of the invenhon should be easily steniiza 

non-specific binding, be biocompatible and resist temperature changes. 

reduce non-specifc binding, to allow the attachment of binding ligands, etc. 

^ madP in a variety of ways, as will be appreciated by those in the 

deposition p-ocassas such as spin coating. ci»n,i«l vapor daposifor.. laser 
:rlo.:=pHc3.otnare.c.,n,.ecn„i,oeso3in.e»».»atc.e.«. 

'T'^'—.rrrrnrar;;:;^^^^^^^^^^ 

t„e ofinK- can sa^e «> define a «ow cnannai. in add«n. «,e use o. '^'^"^Z^ 
.pLl-eana,«d«a,e«.P«tonso,*epathwa,sn3*9d«eren..™p-ope*es.Foraxa,^e. 

rite can 1« used to cnange soMa/sotvent RF .alues (the ratio o. the distance moved b, a 
:Iar::l.atn».edlaso..n..nt,.«a«n,.e.pn„ted,u,dguidin.^^^^^ 
ru.ctured-apr..=d.,.ror^a,sc™p.sedo,t.od,.«nt.a»nas.P^^^^ 
rates of fluid transport. H.uU,-n,atenal fluid guiding pathways can be ,«ad whan « ,s daSiraWa to 
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pathways can also provide regions containing reagent substances, by including the reagents in the 
-inks- or by a subsequent printing step. See for example U.S. Patent No. 5.795,453. here,n 
incorporated by reference in its entirety. 

,„ a preW embodimen.. me so,i« substrate is conSgured ,=r hami,«9 e single sample «a, n»a, 
conlap,p,a,«,o..argetanai,.es.Tha,is,s.™9^sa.p.eisadded,o,be.ev,cea™...esa.pte 

ma, either be a,i,u=»>J tor paraiie, procssi,^ <o- dete«.«>n -"l-*' " « ™' 
processed seriall,. with Individual largeS being detected in a serial fashion. 

,„ , preterred embodiment, the solid substrate is configured tor handling mu«iple samples, each of 
.*,ch ma, contain one or more torget ana^tes. In general, in ^ embod»nen., each sample ,s 
l«d ,ndi.»ual,:tha.is..hemanipula.onsandana,sesaredone in parallel, w»hprefera,*, no 

contact or contamination between th«n. Altemativel,, there ma, be some steps ,n common, for 
example, it ma, be desirable to process d«eren, samples separate,, but detect all o. the target 
analytes on a single detection arra,, as described below. 

,n addition it should be understood that while most of the discussion herein is directod » the use of 
Z substrates with mi^hannels and wells, other geometr^s can be used as weli. For exam^ 
Irmore planar substratescan be stacKedtoproduceathreedi^nsional device, thatcancontatn 

microchannels .owing within one plane or between planes: sin^tert,, we.s ma, ™? 
substrates to allow to, larger sample «.,umes. Thus for example, both sides o, '^^^ 
etched to contain micochannets: see tor example U.S. Patent Nos. 6,603,35, and 6.68, ,484, both o, 
Which are hereby incorporated by reference. 

Thus the devices of the invention include at least one microchannel or flow channel that allows the 
flow Of sample from the sample inlet port to the other components or modules of the system. The 
collection Of microchannels and wells is sometimes referred tolntheartasa-mesoscaleflowsysem. 

AS will be appreciated by those in the art. the flow channels may be configured in a w.de vanety of 
lysdependingontheuseofthechannel. For example, a single flow channel star«ng at the samp, 
inlet port may be separated intoavariety of smaller Channels, such thatthe original sample isd.^^^ 
intolcretesubsamplesforparallelprocessingoranalysis. Alternatively, several flow channels from 
different modules, for example the sample inlet port and a reagent storage module may feed together 
into a mixing chamber or a reacUon chamber. As will be appreciated by those in the art. there are a 
large number of possible configurations; what is important is that the flow channels allow the 
^vement of sample and reagents from one part of the device to another. For example, the path 
lengths of the flow channels may be altered as needed; for example, when mixing and t.med reac ons 
are required, longer and sometimes tortuous flow channels can be used; similarly, longer lengths for 
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in order to reduce sample flow rate. 

mcfochannels that have cross 56 ^.,„,„.o„ii«orderol0.1 pmto100|jm,t»pKally 

™sosc...o„chahn,,sa„dwe,.ha«p^^-^-^^^^ 

,.SO„..Thech,.na,shavep,...™d»^- 

Fo, h,ah, appr«a«ons. channel 0. «0 .ma- „ ^^^^ ^ 

,„3.^„,h.,^chah„e,s,s,e.>a.,.s.^^^^^^ 
rr::Cr-rea.ha.,,n,.™».as...a.p,e>,ce. 

zrr:=:=— ^^^^^^^ 

T taction (PCR) ligase chain reaction (LCR), stranO Oispla«™nt ampU«=atK>h 

Z«;r*Lno.thL,gatana^.»«mica,n»d«oa..no,thotar3eUu«Punnps:^,. 
:r eZld.os;s.o^o™Ot.,es.o,ass,, .agents: n..n,chan,hers:anOOe,ac.on 



modules. 



,„,p.erre.o— .«.e,iceao,.hein..n.nin*.3^^^^^^^^^^ 

r:r:r:::==rrsa.p, a,.tpo„^ 

chamber, or it ma, t» pretreated in a sample colleclion »ell^ or chamt»,. 

B,po,,ismeantapoin.o.ent^ore*.o,examp,e»omachanhe,o,>«il.t^tregu.tes.o.o^^^ 
LZ.Ino„eeh«odimem.»epo.issea,ah,e>at.,ormsasea,such,hatthesamp,ew,.not^ 
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K = nhv^ical barrier to flow, such as a stopper or diaphragm, 
from sealed reservoir. The port may be a phys.« bar r ^^^^^ 
Alternatively, the port or barrier to flow is regulated by flow pressure. 

•,to= nnrts mav not be necessary at all points of entry or exit 

outlet port 

t .h. devices of the invention include a sample collection module, which can 
in a preferred embodiment, the devices of the .n ^ ^^^^ 

be used to concentrate or enrich the sample if required, for example, see U.5 
including the discussion of enrichment channels and enrichment means. 

. Hnrtiment the devices of the invention include a cell handling module. This is of 
,n a preferred embodiment, the dev.(^ ^^^^^^^ ^^^^ ^^^^ 

particular use When the sample compns c^^^^^^^^^^^^ 

removed in order to detect the target analyte. Thus, _ , p,,, 

absence of cells. Suitable ceil nana 3 „,„Hnn or caoture modules. In addition, as 

channel with at least one other module of the Invention. 



lysis upon pressure. 
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, , ™ a„,ed »»hin *e ce,, ,s,s ™du,= or In 3 ^ module ana pumped « me Vs^ 
-.--n,^..so.d^>a.,s«Kenup.ns=>u„upon 

::!::*n o„.e samp.. Tempe... o, m*. ma, a,soPeap.,ed. 

con«K.nenU; examples of suitable «e.s are shown ,n EP 0637 998 

,„3p,e..dem.od,m.n..eo...andl,n.module,.,ud^^^^^^^^ 

™s ..Podlmen. u*es e oe. cap«e ,e9lon compns "9 b.dj^ s^ P ^ 

c.,au*oemolecu«»ena«e.hes^.e,sola^n,o.^-^^^^ 

sa..epo^la«.Tnese«ndln9m*tesn^.^.— 

on a partiole .rapped *ln modu. (,... a Pee ) or,emove<l, and gene,^^ 

Sul«ePladln9m^e.^--«P-«-'^=-''\'^"' ^^^^^^ 

rates or pressures), or even in situ lysis. 

of narrowing channels, or a diaWtration type setup. 
,_.enedemP0.men...-^^^^^ 

„^ «» sempte conta, s - " ' ,ell handling 

!::::r:r:r:,:i:i:aLen«.a.onma,aisopedone. 
— :or::;=^^^^ 

J. .rom e large vdume 0. samp. «u« prior «, l,s«, or «n«ga«on. 

,„3pre.r^em.od,men,,^de.lcesoMheln»en,onln.udea...^^^^^^^ 
, «soon,ex,meens«,a.a.leas,onecomponen.a.mesemple,sseparaedfom 
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„esa.pte.Th.C3nco.pHse,.ssepar,«^««o,^o.,he«^e.,n3,,te.oHhere™«lo. 

Zas absolve p.a» " » ""'"^ '^^ "J 

llgands. etc See U.S. Patenl No, 5,770.029. 

I ere,/elLn..e«e™,su^o,.he.=d*onapa«*s.cnasabea*^ 
XrPP^-in,.e™du,e.,o.e.m.e*.«««„seo,aM,,S*..P,nd,„gr™^^^^ 

the analyte. 

AS win be appreciated b, «.ose in «e art, *e con,pcs«n ». me blnd^g llgand will depend on 0^ 

3d»y (b nd using known .eebnidues, For example, wben « oonrponen, ,s a protein »,e b,n ng 
ltldepJns,pa,«=.ler, including an,*od«sor.ag.en,stnereo,,FAbs.eto,,,o,s™,, 

ll.s.VVbLesa..ec^pone.,sa,™ta,»n,,be ending l^andger^ral^c^^^^^^ 

.^...a, n^tal »n ligands or c^lato.. Preferred binding „gand p.t^ns 

example when the contponent Is an enzyme, suitable binding ligands include substrates and 

:X /«gen.n.b=d, pairs, receptor-l^ands, carbc^drates and *.r '^'^'^ 

iso sulta^e component-bindlng l^nd pairs. The binding l^and ma, be nuctoc ac,d. wh^n r^.c 
Z Ling proJns a.»e Brgets: al,e™«»e,y. as is general, described in U.S. Patents ^270,,e3. 
096 5 567 588 5,595.877, 5.637,459, 5,683.867,5,705,337, and related patents, hereb, 

„Z^'^».e.nce,nu.eica.d-apto™rs- can bedev^opedtor binding ,o.i«ual,a„, targe. 

aZsJrV.tbereisa.ide body otlKeratu. relating ■othedevelopmento.b.d^pa^e. 
Lt^^=n co^blnatortatcbe^s^, methods. ,nthisembod^.,wbentnebind^l.and,^^^^^^^^ 
add pretend composLonsandtechn^^s are oufflned in PCX US97«00«.hereb, incorporated b. 



reference. 
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preferred. 

• . ^ K thn«> in the art the composition of the binding ligand will depend on the 
eomposton of the target analyle 9 8 ^ingle-slranaea nucleic 

''\eV2irbrZ-n.tHe<.p.»e«„g..a„.,se» .g.-s.-a„.e. » 

ac« — the .«ng ,«an. .a, . a nucMc ac» «„g p™te,„ 
r:aa3..aa..e-..,e..^^^^^^^^^^ 

receptor, and T-cell receptors. 

W^en the sample component Poun. 1« the hlndlng l^n. . the target ana^e. 1. r>a, J^^^' 
rlp.rposes»necessa..uslngan,nu.Pero,«wn.echn.ue3.deper.ingcnthest™ng.ho, 
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u e in nH salt concentration, temperature, etc. or the addition of 
the binding interaction, including changes in pH. salt concenira 

competing ligands. etc. 

U S. paw, NOS^ 5.770.029. ^^2^ . ^ ^ 

electroosmotic flow (EOF). 

electric field to the electrophoretic microchannel. Waste tiuia 
as required. 

of electric (iekls elttef simultaneously or sequentially. 

,„apreWembo-i™n>.e.c.cpnore«cae.n^ian«yalsobeused. By van-lng tne ^. of 
«L.e,n^o,«gt»oor™re,eln^laofdl^en,p«ros^,and,orprovi*ngapores« 

It, sepaLtL o, sample component can « ma.*ed. Oe> me.la ,» separa,»n ba«d on 
s^ all. a« l->u^e. bu, are no, limited po^ac^lam-e and agarose. One prefarr^ 
e^lc separate n»,nx . aescr^ m U.S. Pa»n, No. S.,35.627. l^rePy incorpoja,ed by 
^oe.*a,deL,»smeuseo,-m^.n«,.x-..o,™d^poVmer*gadlsper»ono, 

mLon»lns,-dlspers»ds-,a„aapo^mencma«x.Tn.al^senl«ncedsepara»no,«^ 
par^LrV nude. adds. s«d,. U.S. Palen, No. 6.560.364, hereby inco^ted ^ 

n.:^ des^beIsepara,^n^^-»--P--^-"'«*' 

L cro^-ed 901 parses ,na, find use in mlcromiMIc systems. U.S. Paten. No 6.63, .337. 

::byTlrpor,teb,«.rence.d.sc.b.s*eusoof.e,moreverslblen,d,ogels»^^^^^^ 
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improved electrophoretic separation. See also U.S. Patent Nos. d.uo 
methods of casting gels in capillary tubes. 

,„ a preferred embodlr-^n,, *e »e.^s C .he Inverter, irKlude a reacSo. r.od*. ™ car, IndrrOe 

leXt^c.e.«o,HoU,-.e«e-o„o,oneor™res,^.cornp=.e.U^~ 

r..L3.a*n™-u,ew.e^n.e,a,,e.ana^e3.ersasecon<.^eW*a,ca,.J^n« 

Zc^- ,0, example. I. »,e «rge, an^,» is an enzyme, ,he reacBon chamber ma, com,^ a 
^«,ha,up.n m,-i«cahonb,«e«r,eUna,,.e.can.hen.e.e««. in disembodimen t 

:r™dJn»,c»,,aln*e™rea,en..».he, ma, he^r^lnas-orase modules 
pumped as outlined herein to the reacllo., module as needed. 

,„ a preferred emhodimen,. >he reao«on module Includes a ohamher «=r me chemK.1 mod«ca«on o. „, 
r paTle sample, .or example, che^cal c«.a,e o,sam,e component ,C.Br*a«,eo, 
pri ins e,o,orohe^=alc™ss.,«n,canhedo.e. PCTUS97«7880.hereh,incorpora«h ^ 
rr»«sLala^enumbero,poss«achem^l.eactens.ha,oanPedoneln»,edev,ces^m 

:rZ'ln.udlhSam»e.o,ma,o„.ac,laten.alK,.,.n.redu*eamlnaten.M«^^^^^^ 
a,««an„^reaotens.Suzu.andS«acoup>n,.e,c.Slml.rn,.U.S.Pa»n,NosJ^^ 
5 767 259 describe a vahafcn of ligation chain reaction (LCR. somehmes also referred to ^ 
o'Hgonuc^tde l^a«on ampl«ica.oh or OLA, that u«ilzes a -chemica, .gallon- 0. '"^ 
erld.r»nt. similar ,0 LCR. a pair of primers are uB^ed. wherein the fi,.t pnmer is -'^-^ 

Zia^ntsLd domain o,.he.a,get,a«hough.as,orLCR.»aWexis.s.apol,n»^^^^ 

dNTplma,beaddedto-«llln-thegap,. Each prime, has a porton .hat acts as a sidecharn 
rrbLthetargetseguenceand acts one haHofestemstructurethatlnteractsn^^^^ 

trough hydrogen bonding. sa» bridges, van dar Waal's forces. e«. Preferred embodime*s uhtee 
^:ll,lp«.nu«e.acldsasthesidechalns. Thus. upon h,br,d.at.nof.ep^^^^^ 

Tthe «rge sequence. «,e s«e chains of *e pnmera are brough. Into spa,al pro»m,.,. and f * s* 
ZZZ nucleic ac»s as well, can also ^ side chain h,bhd.aaon -P^- 
„,„es^chalnsofmepnmerscomp.sesana=..a,ablecro«.«nga,en..generall,»^^^^ 
a,«^,ome.decba...ha,uponac«.adon.resul.sinachen.cal»osa.«orc^mcall,a»n. 

The a*a.bte group ma, compnse an, moiet, that «ill a.«w cross^Wldng of »,e side Chans, a^^d 
„le grou^ ac^va^d chem^l.. p.».onical. a^ the.™.,. ^ ph«»a«a.ab,e grcps being 
preferred. In some embodiment a single ac«.a«b^ gn=op on one of the s^e chains » enough to 
result In crossJinking via weracton .0 a functional group on me other side chain: In alternate 
embodiments. activaBble groups are required on eact, side chain. 
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. moHniP includes a chamber for the biological alteration of all 

or part of the sample. For -^"^^^'^^ cleavage, circularization. supercoiling. methy.a«on. 

otner nucleic acid .odifica.ons.nc.udn^^^^^^^^^^ 

acetylation. sequencing, genotyp-ng. ^V^ro ^^^'^^^^^^^^^^ J ^^^^^3, ^,,3^,3,, 

groups, protein mod.f.cat>on (acyla on, g^co y ^^^^ ^^^^ 

synthesis/modification of small molecules, etc. See also. U.b. 
which is expressly incorporated herein by reference. 

. . Him.nt the target analyte is a nucleic acid and the biological reaction chamber 
,n a preferred embodiment, the arge naty ^^^^^ 

ampli^cation (SDA, self-sustained sequence 
ligase chain reaction (LCR). stran p ^^^^ ^^^^.^^ p^^^^ 

nucleoside triphosphates as needed. 

analysis as outlined below. 

Gene., «*ni,ues io. nuc«= ac« 3n,p,»ca6on a. d,^.sse« be«. In ™« cases^d™.* 

r:«..L,.ac.,a..en«..»^^^^^^^^^^^^ 

h,b*li2a«on of the prints and oWr probes of «>e ,nven,«n. p 

-------rrroZ:r:ra:r:^^^^^^ 

and other techniques such as the use or exira prooe 



used. 
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4- ^.,finn nr^urs As outlined below, this complementarity 
^ ^r.H \ha nrobes of the present invention occurs. Mb uuumc 

to the target sequences to hybrid.e under normal reaction condifons. 

Til ™ t1 is *s .e„,..«.re (under »n,c streng*. pH and nu^lc aod 

„ 8.3 and *= .empera«,re « a, leas, »^ °' ' 3^g,„, ^ ate. be 

,^ ^ eO-C «»-9 P-Ces (e.g. greater .Kan » » ^^J* = .^^,,„„ 

the hybridization complex. 

Thus the assays are generally run under stringency conditions which allows formation of the 
Thus, the assays are gen y strinaency can be controlled by altenng a step 

™se paran».e. ^ also U used » con« non.spe=.« .Inding as Is ^'^'^^^^ "'^ 
Pattn, No. 5,681.697. Th.s « n«, be deslrab* » perform ce.«™- steps a. higher stengenc, 
conditions to reduce non-specific binding. 
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The size of the primer nucleic acid may vary, as will be appreciated by those in the art. in general 
varying from 5 to 500 nucleotides in length, with primers of between 10 and 100 being preferred, 
between 15 and 50 being particularly preferred, and from 10 to 35 being especially preferred, 
depending on the use and amplification technique. 

In addition, the different amplification techniques may have further requirements of the primers, as is 
more fully described below. 

Once the hybridization complex between the primer and the target sequence has been fomied. an 
enzyme, sometimes termed an "amplification enzyme", is used to modify the primer. As for all the 
methods outlined herein, the enzymes may be added at any point during the assay, either prior to. 
during, or after the addition of the primers. The identification of the enzyme will depend on the 
amplification technique used, as is more fully ouUined below. Similariy, the modification will depend on 
the amplification technique, as outlined below, although generally the first step of all the reactions 
herein is an extension of the primer, that is, nucleotides are added to the primer to extend its length. 

Once the enzyme has modified the primer to form a modified primer, the hybridization complex is 
disassociated. Generally, the amplification steps are repeated for a period of time to allow a number 
of cycles, depending on the number of copies of the original target sequence and the sensitivity of 
detection, with cycles ranging from 1 to thousands, with from 10 to 100 cycles being preferred and 
from 20 to 50 cycles being especially preferred. 

After a suitable time or amplification, the modified primer is moved to a detection module and 
incorporated into an assay complex, as is more fully outlined below. The assay complex is attached to 
a microsphere on an array substrate and then detected, as is described below. 

In a preferred embodiment, the amplification is target amplification. Target amplification involves the 
amplification (replication) of the target sequence to be detected, such that the number of copies of the 
target sequence is increased. Suitable target amplification techniques include, but are not limited to. 
the polymerase chain reaction (PCR). strand displacement amplification (SDA). and nucleic acid 
sequence based amplification (NASBA). 

In a preferred embodiment, the target amplification technique is PCR. The polymerase chain reaction 
(PCR) is widely used and described, and involve the use of primer extension combined with thermal 
cycling to amplify a target sequence; see U.S. Patent Nos. 4.683,195 and 4.683,202, and PCR 
Essential Data. J. W. Wiley & sons. Ed. C.R. Newton. 1995. all of which are incorporated by reference. 
In addition, there are a number of variations of PCR which also find use in th invention, including 
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■quantitative competitive PGR" or -QG-PGR". -arbitrarily primed PGR" or -AP-PGR" . "immuno-PGR". 
•Alu-PGR" -PGR single strand confomiational polymorphism' or "PGR-SSGP'. "reverse transcriptase 
PGR- or -RT-PGR". "biotin capture PGR", "vectorette PGR', "panhandle PGR", and "PGR select cDNA 

subtration". among others, 

in general PGR may be briefly described as follows. A double stranded target nucleic acid is 
denatured generally by raising the temperature, and then cooled in the presence of an excess of a 
PGR primer, which then hybridizes to the first target strand. A DNA polymerase then acts to extend 
the primer resulting in the synthesis of a new strand forming a hybrid'^ation complex. The sample .s 
then heated again, to disassociate the hybridization complex, and the process is repeated. By using a 
second PGR primer for the complementary target strand, rapid and exponential amplification occurs. 
Thus PGR steps are denaturation. annealing and extension. The particulars of PGR are well known, 
and include the use of a thermostabile polymerase such as Taq I polymerase and themial cycling. 

Accordingly the PGR reaction requires at least one PGR primer and a polymerase. Mesoscale PGR 
devices are described in U.S. Patent Nos. 5.498.392 and 5.587.128. and WO 97/16561. incorporated 

by reference. 

In a preferred embodiment, the target amplification technique is SDA. Strand displacement 
amplification (SDA) is generally described in Walker et al.. in Molecular Methods for Virus Detection. 
Academic Press. Inc.. 1995. and U.S. Patent Nos. 5,455,166 and 5.130,238. all of which are hereby 
expressly incorporated by reference in their entirety. 

In general. SDA may be described as follows. A single stranded target nucleic acid, usually a DNA 
target sequence, is contacted with an SDA primer. An "SDA primer" generally has a length of 25-1 00 
nucleotides, with SDA primers of approximately 35 nucleotides being preferred. An SDA primer is 
substantially complementary to a region at the 3- end of the target sequence, and the primer has a 
sequence at its 5' end (outside of the region that is complementary to the target) that is a recognition 
sequence for a restriction endonuclease. sometimes referred to herein as a "nicking enzyme" or a 
•nicking endonuclease". as outlined below. The SDA primer then hybridizes to the target sequence. 
The SDA reaction mixture also contains a polymerase (an "SDA polymerase", as outlined below) and 
a mixture of all four deoxynucleoside-triphosphates (also called deoxynucleotides or dNTPs. i.e. dATP. 
dTTP. dGTP and dGTP). at least one species of which is a substituted or modified dNTP; thus, the 
SDA primer is modified. I.e. extended, to form a modified primer, sometimes referred to herein as a 
•newly synthesized strand". The substituted dNTP is modified such that it will inhibit cleavage in the 
strand containing the substituted dNTP but will not inhibit cleavage on the other strand. Examples of 
suitable substituted dNTPs include, but are not limited. 2'deoxyadenosine 5'-0-{1-thiotriphosphate). 5- 
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.or exa^p.. a ™«>,.asa ^ P. use. » a.d ,™.ps » - — 
1„. ,„ ad*a. » a. « nu.eo«das are sub*»d, ma po,™.« ™ ha« 5 -3 a»m«^ a 
a*.,. H0«e>,er. « las. »an a» me ouplaptidea a,e substMad. me p=h,n™e,as. preferabl, lacks 5 -3 

exonuclease activity. 

MW.I b. appreciated by .l»se,n mea„. me recognlBo" s»e,erdonuclease P="«" 
.arie^ of combina«o.«. The eadonuclease IS <:hosa., to*a.e a atrarKi a*e. a. me 

Xls«e.oreimer.o,.»».«ou,.aav,n,mecomp.n.„«n,se,-c,.e«ber^^ 
Znz,„» or,^ craves one sirand or because o, me lncorpora» 0. me subs«ed aucleobdes 

Sl>e«lease pal. are well K^n in me ar,; sul««e endonuc «ses .n*de. 
«1 notuL ». Hincll, Hindi,. Aval, F™4HI. Tmini, Ncl,. Bs«l, Ba.l. e.c. Achar, dep^bng 
rie enzymes, and meir oorres^ndl^ reco,n«»n si.es and me modi.ed dNTP ,0 use » .ound ,n 
U.S. Patenl No. 5.455.166. bereby expressly incorporaKd by reference. 

Oncen^d.apo,y™rase,an-SDAp..n«rase-,isosed,oe«end.h.newh,ni«eds«nd^^ 

mereby creabng anomer ne«.y syn.bes^ed s.,ana. Tbe polymerase chosen should be abte » .nbafe 
5.-.p.^meHza.c„a.anicKsi».shou«alsod«p.cemepo,n»r.edsb,nddo«ns«am^^^^^^^ 

niC Ld Should lacH 5-r exonuclease aCM^ m may be addi,*na«y accon^^hed ^ .he add*on 
:locldn. a,en„. Thus. sui«b. polymerases in SDA Include. are no. .m«ed ,o. me Kien™ 
..agmen. o. DNA polymerase I. SEQUENASE ,.0 and SEOUENASE 2.0 (U.S. B««hem,cal,. T5 DNA 
polymerase and Phi29 DNA polymerase. 

Accordingly, the SDA reaction requires, in no par^cular order, an SDA primer, an SDA polymerase, a 
nicking endonuclease. and dNTPs. at least one species of which is modified. 

,n general. SDA does not require thermocyCing. The temperature of the reaction is general, set to be 
high enough to prevent non-specific hybrid.ation but low enough to allow specific hybnd.za.on;th.s.s 

generally from about 37'C to about ATC. depending on the enzymes. 

,n a preferred embodiment, as for most of the amplification techniques described herein, a second 
amplification reaction can be done using the complementary target sequence, resulting .n a substantial 
increase in amplification during a set period of time. That is. a second primer nucleic acd .s 
hybrid-^ed to a second target sequence, that is substantially complementary to the first target 
sequence, to torn, a second hybrid^ation complex. The addition of the enzyme, followed by 
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disassociation of the second hybrid.a«on complex, results in the generation of a number of newly 
synthesized second strands. 

,n this way, a number of target molecules are made, and transferred to a detection module, described 
.elow AS is more fully outlined below.thesereactions(that is. the products Of these reacUons)can be 

detectedlnanumberofways. in general, either direct or indirect detection of the target products can 
be done "Direcf detection as used in this context as for the other amplification strateg.es outlined 
herein requires the incorporatK,n of a label, either through the incorporation of the label in the 
amplifi'ca^onprimersorby po^merase incorporation Of labeled nucl^^^^^^^ 
Mematively.indirect detection proceeds asasandwichassay.with the new, synthes.ed strands 

containing feworno labels. Detection then proceeds via the use of label probes compr.^^^^^^ 
fluorescent label; these label probes will hybridize either direct, to the newly synthes.ed strand or to 
intermediate probes such as amplification probes. 

,„ a preferred embodiment, the target amplification technique is nucleic acid sequence based 

.. j^o^rihoH in 1 1 <; Patent No 5 409,818 and 'Profiting 
amplification (NASBA). NASBA IS generally descnbed in U.S. Patent NO. o, ■ 

fro,. Gene-based Diagnostics". CTB Internationa. Publishing Inc.. N.J.. 1996, both of which are 

expressly incorporated by reference in their entirety. 

in general NASBA may be described as follows. A single stranded target nucleic acid, usually an 
RNA target seqaencetsometimes referred to herein as -the first target sequence" or-th^^^^^ 

template"), is contacted with a first NASBA primer. A "NASBA primer" generally has a length f 25- 
100 nucleotides, with NASBA primers of approximately 50-75 nucleotides being preferred. The first 
NASBA primer is preferab, a DNA primer that has at its 3" end a sequence that is substar^tially 
complementary to the 3' end of the first template. The first NASBA primer has an RNA po,me^se 
promoter at its 5' end. The first NASBA primer is then hybrid^ed to the first template to form a first 
hybridization complex. The NASBA reaction mixture also includes a reverse transcriptase enzyme (an 
"NASBA reverse transcriptase") and a mixture of the four dNTPs. such that the first NASBA pnmer . 
mod^ied. i.e. extended, to fomi a modified first primer, comprising a hybrid^ation complex of RNA (the 
first template) and DNA (the newly synthesized strand). 

By "reverse transcriptase" or'RNA-directed DNA polymerase" herein is meant an enzyme capable of 
synthes-^ing DNA from a DNA primer and an RNA template. Suitable RNA-directed DNA 
polymerases include, but are not limited to. avian myloblastosis virus reverse transcriptase ( AMV 

RD and the Moloney murine leukemia virus RT. 
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3,3= ..er-ed » ..rein ,s a ntanuCaase. - M^^ze RNA o, an RNAONA 

7^..*o.,h,d™,yz«9S,n,e.»,«ou««,.n«edRNAo,DNASui,a.,an.onu.^.n*de, 

M are not IWited 10. RNase H Iron. £ CO)/ and call thymus. 

Tha ht»nudease dagrad« tha ..t RNA template In the h,..«^o" "-P'-''. •'-y 
Laccia.onol,.e.,«ld.at»noo^.exlea.n,a«.ts.,. sanded ne»„s,n*ee.edONA 

suand. sometimes <elerred to herein as the second template-. 

,n addito. the NASBA react^n ^ includes a se«.d NASBA p^mer. Sonera., 

,*0U5h as ^ralltheprooesherein, including p.mers.nu.e.ac«ana^sma,a.o«u=^. ms 

econd NASBA primer has , se,uence a. its 3' end that is substantia^ oomplementar, to tha and 
„rsecond>elp.te,anda^oontainsanan.sensese^encetera^nct^nalpromo.arend»e 

rnLrse,uenL.a.,anschp«^«a»ons».. Thus. th. prtmer sequence, when used as a 
etZ.^ yn«sis 0, «,d DNA tem^ate. conuins su^cientlntormat^ to a,^ specie and 

o. an RNA po^^rasa end in^on 0, transchp^on a, .e - 
embodiments utiles the antisense promoter and transcription in*a.on s,.e are that 0, me T7 Rl^ 
pTmerase. al^ough other RNA p«,meras. promoters and in«ia«n s»es can be used as well, as 

outlined below. 

The seccnd primer hybndizes to the second template, end a DNA pc-ymerase. also tem«. a -DNA- 
IITdNA pc^merase-. also present in me reacbon, synthesizes a ^ tem^ate ,a secon n.«, 
Xzed DNA s^nd, r«ul.ng in sec«nd hybrid^U. comp.«com^*9 - ne,., synthesized 

DNA strands. 

Finally the inclusion of an RNA polymerase and the required four ribonuCeoside triphosphates 
XLo.desorNTPs)results in the synthesis Of an RNAstrand(athirdne..^ 
Llsessential,.hesarneasthe«rstte.plate).TheRNApoly.erase.so..^^^^^ 
as a "DNA-directed RNA polymerase", recognizes the promoter and specfically .n,t.ates RNA 
synthesis at the ini«ation site. In addition, the RNA polymerase preferably synthes.es several cop.es 
of RNA per DNA duplex. Preferred RNA polymerases include, but are not limited to T7 RNA 
po^merase,.and other bacteriophage RNA polymerases including those of phage T3, phage <1.11. 
Salmonella phage sp6, or Pseudomonase phage gh-1 . 

According^, the NASBA reaction requires, in no particular order, a first NASBA primer, a second 
NASBA primer comprising an antisense sequence of an RNA polymerase promoter, an RNA - 
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polymerase that reccgn^es the promoter, a reverse transcriptase, a ONA po^merase an RNA 
degradir^g eruyme. NTPs and dNTPs. in addition to the detecUon components outhned below. 

These components result inasingle starting RNA template genera«ngasingleDNAdup.ex;h^^^^^^^ 
Since this DMA duplex results in the creation of mu.ple RNA strands, which can then be used to 
initiate the reaction again, amplification proceeds rapidly. 

AS outlined herein, the detection of the newly synthesized strands can proceed in several ways. 
Direct detection can be done in the detection module When the newly synthesized strands compnse 

;trirby incorporation intothepri^^^ 

into thegrowing strand. Mernatively.as is more My outiinedbelow.indirectdetectionounla^^^^^^ 
Inds Which now serve as"targets- in the detection mode)can occur usingavariety Of sandw-ch 

rr—s.Aswil.beappre.ated by those inthea.-.^ 

during'NASBA since the presence of the ribonuCease makes the RNA strands potential^ lab.le. 

,n a preferred embodiment, the amplification technique is signal amplification. Signal amplification 
involves the use of limited number of target molecules as templates to either generate multiple 
silngprobesorallowtheuseofmultiplesignallingp Signal amplification strateg.es .nclude 
LCR. CPT. invader- technology and the use of amplification probes in sandwich assays. 

in a preferred embodiment, the signal amplification technique is LCR. The method can be run in two 
different ways: inafirstembodiment, on, one strand ofatarget sequence is used asate^^^^^^^ 

ligation- alternatively, both strands may be used. See generally U.S. Patent Nos. 5.185.243 and 
^573 907- EP 0 320 308 B1; EP 0 336 731 B1; EP 0 439 182 31; WO 90/01069; WO 89/12696: and 
WO 89/09835. and U.S.S.N.s 60/078.102 and 60/073.011. all of which are incorporated by reference. 

,n a preferred embodiment. «.e single-stranded target sequence comprises a first target domain and a 
second target domain, and a first LCR primer and a second LCR primer nucleic acids are added, t^at 
are substantially complementary to its respective target domain and «.us will hybrid^e to the target 
domains. These targe, domains may be directiy adjacent. i.e. contiguous, or separated by a number 
ofnucleotides. ,f they are non-contiguous, nucleotides are added along with means to join 
nucleotides, such as a polymerase, that will add the nucleotides to one of the primers. The two LCR 
primers are then covalently attached, for example using a ligase enzyme such as is known .n the art. 
This forms a first hybridteation complex comprising the ligated probe and the target sequence, Th,s 
hybrid^ation complex is then denatured (disassociated), and the process is repeated to generate a 
pool Of ligated probes. In addition, it may be desirable to have the detection probes, described below. 
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comprise a mismatch at the probe junction site, such that the detection probe cannot be used as a 
template for ligation. 

,„ , ™w embcdi-nerl LCR is done tor of a d^bte-strarOed sequence. The 
J,se,.e.ceisdena,u,ed.and>.ose«c,p™.ssereadded:onese,esou»,ned=b^te^^^^^ 

sld of «,e a,90,, and a sepa,a» s« (i... mird and fovrO, phn,er n,be ncctoc ac«a) fc .he omer 
s«nd o, fho .a,50.. In a preferred emhodin»n.. »,e »rs, and mird p«,Oes '^'''■'^^■^'r ^ 
«cond and ^n, probes - h,bnd^e. such ma, an,p,llrca«on can occur. The. ». when « rs, nd 
second probes have beer, me ..aafed probe can now be us«l as a .empfate. ,n edd,K,n to 

me second targe, sequence, for .he 3«achn,en. of me mird and tounh pn^bes. S«arV, me 
mird ^ fcurm probes w« se«e as a Bmp.a.e fa me a«n. of .he and second ^ob«^. 
«,d»on .0 me firs. «rse. s.ra„d. In ».s wa,. an e«ponen.a,. ramer man |us, a llrrear. ampl*=abOh 
can occur. 

Again, as ou«ined above, me de»c.lon of me LCR reac^on can occur direc.,. In me case where c™ 
or bom of me primers compnses a, leas, one label, or ind*ec«,. using sandwK* assays, mrough me 
ro,addiJa,p^s;ma.is.me.ga.edp.besc,hse„easmrge.seouen»s.andde« 

„.l.e ah,pr«ca«o„ probes. cap.,re pn=bes, cephrre e«ender probes, ^b^ probes, end label ex,ender 

probes, etc. 

,n.ade,~ »chno,og, is based on smiCure-spedfic po^merases ma. cleave nucteic acMs in a s»e. 
spec^cmanne,. TWO p™besa,eused:ah-invader-^bea^a-signal,«g- pr.be, ma,a^^2^ 

h bhdize » aarge. sequence w.h a n=n^n,plen«„«r, overfap. The enzyme 

due » »s recogni«on of me W. and reteases me ■«■ w,h a abel. This car, 

invader- technolog, is deschbad in U.S. Pa.en. Nos. 5.846.7,7; 5.614.402; 5.719.028; 5.541.311. 

and 5.843,669. all of which are hereby incorporated by reference. 

|„ , prefened embodiment me signal amp,»lca«on .echnique » CPT. CPT technok^y « d«aibed in 
anumbe, of patens and pa.en.app.k=a«ons. Wuding U.S. Pa.an.Nos. '•<'"''^' ■"^'"^ 
5 660 988 and 4.876.167, and PCT published appl.ca.ons WO 95™5480. WO 95-1416. and WO 
95«I0667. and U.S.S.N. 09fl)14.304, all of which are expressly inco,pora.«l b, reference ,n .he, 

entirety. 

Generally. CPT may be described as follows. A CPT primer (also sometimes referred to herein as a 
■scissile primer-), comprises .wo probe sequences separated by a scissile linkage. The CPT pnmer ,s 
substanfially complementary to the target sequence and thus will hybrid.e to it to fom, a hybrid^a^on 
complex. The scissile linkage is cleaved, without cleaving the target sequence, resulting in the two 
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probe sequences being separated. The two probe sequences can thus be more easily disassociated 
from the target and the reaction can be repeated any number of times. The cleaved primer .s then 
detected as outlined herein. 

By 'scissile linkage" herein is meant a linkage within the scissile probe that can be cleaved when the 
probe is part of a hybridization complex, that is, when a double-stranded complex is fomied. It is 
important that the scissile linkage cleave only the scissile probe and not the sequence to which it is 
hybridized (i.e. either the target sequence or a probe sequence), such that the target sequence may 
be reused in the reaction for amplification of the signal. As used herein, the scissile linkage, is any 
connecting chemical structure which joins two probe sequences and which is capable of being 
selectively cleaved without cleavage of either the probe sequences or the sequence to which the 
scissile probe is hybridized. The scissile linkage may be a single bond, or a multiple unit sequence. 
AS will be appreciated by those in the art. a number of possible scissile linkages may be used. 

In a preferred embodiment, the scissile linkage comprises RNA. This system, previously described in 
as outlined above, is based on the fact that certain double-stranded nucleases, particulariy 
ribonucleases, will nick or excise RNA nucleosides from a RNAiDNA hybridization complex. Of 
particular use in this embodiment is RNAseH. Exo III. and reverse transcriptase. 

In one embodiment, the entire scissile probe Is made of RNA, the nicking is facilitated especially when 
carried out with a double-stranded ribonuclease, such as RNAseH or Exo 111. RNA probes made 
entirely of RNA sequences are particularly useful because first, they can be more easily produced 
enzymatically, and second, they have more cleavage sites which are accessible to nicking or cleaving 
by a nicking agent, such as the ribonucleases. Thus, scissile probes made entirely of RNA do not rely 
on a scissile linkage since the scissile linkage is inherent in the probe. 

in a preferred embodiment, when the scissile linkage is a nucleic acid such as RNA. the methods of 
the invention may be used to detect mismatches, as is generally described in U.S. Patent Nos. 
5,660.988. and WO 95/14106. hereby expressly incorporated by reference. These mismatch 
detection methods are based on the fact that RNAseH may not bind to and/or cleave an RNAiDNA 
duplex if there are mismatches present in the sequence. Thus, in the NA,-R-NA, embodiments. NA, 
and NA, are non-RNA nucleic acids, preferably DNA. Preferably, the mismatch is within the RNA:DNA 
duplex, but in some embodiments the mismatch is present in an adjacent sequence very close to the 
desired sequence, close enough to affect the RNAseH (generally within one or two bases). Thus, in 
this embodiment, the nucleic acid scissile linkage is designed such that the sequence of the scissile 
linkage reflects the particular sequence to be detected, i.e. the area of the putative mismatch. . 
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L *e rr^ p™v«e. ^m. a ,es/n, result, ->«eb, « .e«c«on 0. v»a^, an, 
Ltal^Ji"d-a.estHep.s,nceo,«de.re.«^e,s.,uencc.T,p^%.«wH^ 

ron.an-inl.»...™.cH,,o,exa.p,e,aV..-or^se— .or,3.a^<..ac^^^^ 

^ . so™ gene^^r of dea.ad se,uences evan ^ *e «-9a. se,uenca ,s present 
L*e Jo. ^eneraBonc. caved -ragman^, and/or *e.na,a™un,o,.e3ve<..r,9™n».» 
^ presenceor a^nceof^Ursat ,naddi.on>euseo,secon^„ and 

L„ solssle probes may be partoBd, useM Ms embodimen., as »,« cen amp.* *e 
Irences Jeen e pe*c..ma.cn and a^^sn»,c.. These memods ma, be par.c..a,^, use^l . 

«K detem.ina«on of homoz,9otic or heleroz,9o»c sales of a patent 

,n»,sen«od,n»n,,«.enimpodan..«.u,eo,.besds*,.^e*««s^,m.d^^^^^^ 
suspec^d dHfe-ence between »e «r,e. and .be probe. In parbcular. mis means .he. « sc.* 
Ze mus. be 0, so«.en. ten,« .o encompass « suspeced dlflerence. ,e. shod er»ug *e 
^°^inKag.cenno.,nappropna»rspac«ca,^H,bHd-.o.hese«.edn.c,e,= a.dmoea,l. 

Z « sdspec^d d^erence IS present sue. inep^a l.yb--"«»" P=™> ™ 
rdeavageo-sdssllelln^geseven^ugh deselected nuc«ca.dmo^ule»asn«2 
Ip^n^nl, » .he nude. ac« probe. Thus In a pre-e^d embodiment «e 
beJeen 3 » 5 nucleobdes « ^n,»,. such .ha. a suspected nuc«.de deference K»n , nuclei* » 
, atLdes IS erKompassed b, me sdss«e lln^e, and 0. 1 or 2 nudactdes are on ».be, s.e o. 
the difference. 

Thus wher. me sas* linKege Is nucle«: acid, preferred embodiments u.»=e from , » abou. .00 
„ucW«.es, .rorn abou. 2 » ab«» 20 being preferred end from abou. 5 to about 10 berng 

particularly preferred. 

OPT ma, be done enz,metica„ or chemical^. The. In add«lon .0 RNAseH. mere are several ome, 
c«.ing egens which ma, be use«.l In deavlng RNA (or omer nuddc add) sclsslle borxls^ F« 
e«IpleLer=,cbem^lnuc.eseshavebeenrepo^;see.ore«mp.Slgmane,a,..Annu.Re.. 

Ze. ,m 207.2,6: S,man e,... Chem. Rev. ..93, .3.220«3,e: Basb«n e.e .. . Org. 
Chem .990, 56. 5125.5132; and SIgman e. a., Nudeic AcWs and Molecular Blolog,, vol. 3. F. 
Ed<s«n and D.M.J. L.le, (Eds,, Sprlnger-Verteg, Heidelberg 1989. pp. 13-27; a. o. »h^ are bereb, 

expressly incorporated by reference. 

specie RNAMro^sIs is a-soanact^e area; seeforexample Chin. Acc.Chem^ 

152- Breslow et al.. Tetrahedron. 1991. 47. 2365-2376; Anstyn et al.. Angew. Chem. Int. Ed. Engl.. 

1997 36 432^50; and references therein, all of which are expressly incorporated by reference. 
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Reactive phosphate centers are also of interest in developing scissile linkages, see Hendry et al.. 
Prog. Inorg. Chem. : Bioinorganic Chem. 1990. 31. 201-258 also expressly Incorporated by reference. 

Current approaches to site-directed RNA hydrolysis include the conjugation of a reactive moiety 
capable of cleaving phosphodiester bonds to a recognition element capable of sequence-specrfically 
hybridizing to RNA. In most cases, a metal complex is covalently attached to a DNA strand wh.ch 
forms a stable heteroduplex. Upon hybridization, a Lewis acid is placed in close proximity to the RNA 
backbone to effect hydrolysis; see Magda et al.. J. Am. Chem. Soc. 1994. 1 16. 7439; Hall et al.. 
Chem Biology 1994. 1. 185-190; Bashkin etal.. J. Am. Chem. Soc. 1994. 116. 5981 ^5982; Hall etal.. 
Nucleic Acids Res. 1 996, 24. 3522; Magda et al.. J. Am. Chem. Soc. 1997. 119. 2293; and Magda et 
al.. J. Am. Chem. Soc. 1997. 119. 6947. all of which are expressly incorporated by reference. 

in a similar fashion. DNA-polyamine conjugates have been demonstrated to induce site^irected RNA 
strand scission; see for example. Yoshinari et al.. J. Am. Chem. Soc. 1991. 113. 5899-5901; Endo et 
al.. J. org. Chem. 1997. 62. 846; and Barbieret al., J. Am. Chem. Soc. 1992. 114. 3511-3515. all of 
which are expressly incorporated by reference. 

Ir, a preferred embodiment, the scissile linkage is not necessarily RNA. For example, chemical 
cleavage moieties may be used to cleave basic sites in nucleic acids; see Belmont, et al..New J. 
Chem 1997 21 . 47-54; and references therein, all of which are expressly incorporated herein by 
reference. Similarly, photocleavable moieties, for example, using transition metals, may be used; see 
Moucheron. et al.. Inorg. Chem. 1997. 36. 584-592. hereby expressly by reference. 

Other approaches rely on chemical moieties or enzymes; see for example Keck et al.. Biochemistry 
1995 34 12029-12037; Kirk et al.. Chem. Commun. 1998. in press; cleavage of G-U basepairs by 
metal complexes; see Biochemistry. 1992. 31. 5423-5429; diamine complexes for cleavage of RNA; 
Komiyama. et al.. J. Org. Chem. 1997. 62. 2155-2160; and Chow et al.. Chem. Rev. 1997. 97. 1489- 
1513. and references therein, all of which are expressly incorporated herein by reference. 

The first step of the CPT method requires hybridizing a primary scissile primer (also called a primary 
scissile probe) the target. This is preferably done at a temperature that allows both the binding of the 
longer primary probe and disassociation of the shorter cleaved portions of the primary probe, as will be 
appreciated by those in the art. As outiined herein, this may be done in solution, or either the target or 
one or more of the scissile probes may be attached to a solid support. For example, it is possible to 
utilize -anchor probes" on a solid support on the array substrate that are substantially complementary 
to a portion of the target sequence, preferably a sequence that is not the same sequence to which a 
scissile probe will bind. 
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,s ou.ine. he^n, a pr^rr^l e.bod,m.n, has on. o, more o.*e scis* probes a>Bch=d 
nL.supponsucbasab.ad,>hases.p,»c3«nbe3.sa,e.obe.,s.n9..bed^m»ed,ec.^ 

"r-a-soledbelov,,. ,„«se.todi™...haso,u«o«„a.di^ses,oa,^me — ^ 
Z«l-«o.c...exba,«eon>heso«e«r,«se,uono,and*esuppo«-Poundso^,.ep,o^ 

a,^«,..easeo,w.oo,™.p™«so,.e„c«.su=h>.a.™«.banonsp™be^,.o^pe- 
sdssa, probe „«, be deKcted. as » o.«ined below, i„ «,e l„Bres« of rr^^-^mg "e s«,«f 

,„..e.^,™n.,,ndino.ber.ech„.„es bare.,, preferred nnorbods^ec^^^^^^^ 
tecbnK,.as to cu. me r,uc«c add san,p,e con«lr,i,« me large, se<,ue,.oa * a s^e ma. w« a^^ 
difnrs^r, o. me «rge. se,eence .0 me surface of a bead. Tbis ^ be accor.p»sbed b, 
s^ngmenu..cac»m™.gb™cbab«.forceso,b,=,ea*9mebuc,eicacid^,ngres.r.cboo 

roriases.Anerr««ve..a^g™b,oo„«lning««rge.™,bege„ara.edu.„gp^ 

lers and me sample as a »n,p.ate. as ,n po^se cbaln ,ea*n ,PCR,. In add«on 
Zrclno.me«^e,..^PCKorLCRorre^memods™,a,sobedonem.n«aybe 

pallia* When me «^e,se,uen=e,s present in .^sam^e a, e«re.^«^~mbe,s. 
rrrt u^-stechn^uas are Known in mean tolncease me rate Of n-x,ng and h,bnd.abon 
fnld,!gag«at»n.be^n.tecnn.uesmati™,ea3,maovera,,c^n.ra.ons.cbaspr.c,p,t^^ 
drying, dialysis, oentnfugaton, elactrophoresis. magneSc bead ooncenbBtion. etc. 

in general, tbe sCsslle probes are introduced in a n„lar excess ,o mair targets (inciudirtg bom me 
«Iet sequence or omer scisslla probes, tor example w.»n secondary or ternary scss-e pmbe^ a^ 
redtwlra,.so,s.ssiieprobe:targeto,a,leastabout ,00. being preferred, at^stabou. ,000-., 

being pa,«cuten, pretened, and at leas, about 10,000:, being especia., profaned, in some 
eJTiments me excess of prcte:.arga, wi. b. n,ucb gnea,er. in add«on. re,»s sue* as mesa may 
be used tor ail me amplificallon lectinigues ouliined herein. 

once me hybhd^on Comdex beW»en me pnmary sciss,^ probe and me target has been formed, 
me complex is subjected » deayage conditions. As will be appreciated, mis depends on me 
l;i„o,mesc^i.probe;l,»isRf«,RNAseHismt,cduced.l,shculdb,n«ema,unde, 

certain circumstances, such as Is generally ou«ined in «0 9S«>0666 and WO 96/00667, hereby 
:Z2^re,e,ence.meuseo.adou«e.™nded«r^ngage„tsuchasRNAseHmay3llowme 

^,0 proceed even a-te^eraures above mermo, the pnma.,probe:targe,h,bnd.^t»n^^ 
Comdex. Accon.ing.. me add-on of scisslle probe » me «rge, can be done eimer first, and me me 
Cleavage agent or cteavage conditions Introduced, or me p«.b.s may be added in me presence o, me 

cleavage agent or conditions. 
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known in the art and outlined herein. 

depending on the pu-lt, of the RNAseH andyor the Brget sample. 

T^e,es,epsa..pea«^a.o-ngme.a*n»P»cead.o,apen.do,.n».Tne.e^^^ 

lZc^edo^.o,aPcu.,5.,n..es»aPo..1hpu. Oene,a.,,eacn™^-. e«^. 
: eneew«.moverPe«een,0Oand,00O*es,n«spen^ ^pending^^^^^^^^ 

rjcrricrred:..^^ 

using secondary, tertiary, or quaternary probes, as is outlined here.n. 
is generally described below. 

,„ , p.,ened en«odi™n.. «e separa«», . <^ ^ *e use 0, a so«d S.PPO. (*ar an ,n».a, 
I^o,»edev,ceo,Peads«.Pped inmede^celcon^l^^epn™, probe Th„s.wne^^^^ 
:^:^pmPasa,ea„ac«d»meso»ds.ppo^.he»»o,*esan^,epasUhlsso«spppo«can 

result in the removal of the uncleaved probes. 

,„ a p^fened embod«nl .he sepa.«on ,s Pasad on ga, e^ph..s» o.*e .ac,»n p™duc« to 
rpar.he>o„ge,dnc^vedp.Pa»o™»eaho.e,*avedproPese,dencesas..nown.n«»an 

and described herein. 



29 



wo 00/71243 



PCT/USOO/13942 



in a preferred embodiment, the separation is based on strong acid precipitation. This is useful to 
separate long (generally greater than 50 nucleotides) from smaller fragments (generally about 10 
nucleotides) The introduction of a strong acid such as trichloroacetic acid into the solution (generally 
from a storage module) causes the longer probe to precipitate, while the smaller cleaved fragments 
remain in solution. The use of frits or filters can to remove the precipitate, and the cleaved probe 
sequences can be quantitated. 

In a preferred embodiment, the scissile probe contains both a detectable label and an affinity binding 
ligand or moiety, such that an affinrty support is used to carry out the separation. In this embodiment, 
it is important that the detectable label used for detection is not on the same probe sequence that 
contains the affinity moiety, such that removal of the uncleaved probe, and the cleaved probe 
containing the affinity moiety, does not remove all the detectable labels. Suitable affinity mo,et.es 
include but are not limited to. biotin, avidin. streptavidin. lectins, haptens, antibodies, etc. The b.nd.ng 
partner of the affinity moiety is attached to a solid support (again, either an intemal surface of the 
device or to beads trapped within the device) and the flow of the sample past this support .s used to 
pull out the uncleaved probes, as is known in the art. The cleaved probe sequences. wh>ch do not 
contain the affinity moiety, remain in solution and then can be detected as outlined below. 

In a preferred embodiment, similar to the above embodiment, a separation sequence of nucleic acid is 
included in the scissile probe, which is not cleaved during the reaction. A nucleic acid complementary 
to the separation sequence is attached to a solid support and sen/es as a catcher sequence. 
Preferab^ the separation sequence isadded to the scissile probes, and is not recognized by the 
target sequence, such that a generalized catcher sequence may be utilized in a variety of assays. 

In a preferred embodiment, the uncleaved probe is neutralized by the addition of a substantially 
complementary neutralization nucleic acid, generally from a storage module. This is particulariy useful 
in embodiments util^ing capture sequences, separation sequences, and one-step systems, as the 
complement to a probe containing capture sequences tonus hybridization complexes that are more 
stable due to its length than the cleaved probe sequence:detection probe complex. What is important 
is that the uncleaved probe is not available for binding to a detection probe specific for cleaved 
sequences Thus, in one embodiment, this step occurs in the detection module and the neutralization 
nucleic acid is a detection probe on the surface of the array substrate, at a separate "address", such 
that the signal from the neutralization hybridization complex does not contribute to the signal of the 
Cleaved fragments. Alternative^, the neutralization nucleic acid may be attached to a solid support 
the sample flowed past the neutral^ation surface to quench the reaction, and thus do not enter the 
detection module. 
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After removal or neutral^ation of the uncleaved probe, detection proceeds via the addition of the 
cleaved probe sequences to the detection module, as outlined below. 

,n a preferred embodiment, no higher order probes are used, and detection is based on the probe 
sequence(s) of the primary primer. In a preferred embodiment, at least one, and preferabV more 
secondary probes (also referred to herein as secondary primers) are used. The secondary sc,ss,le 
probes may be added to the reaction in several ways. It is important that the secondary scss.Ie 
probes be prevented from hybridizing to the uncleaved primary probes, as this results in the 
generation of false positive signal. In a preferred embodiment, the primary and secondary probes are 
bound to solid supports. It is only upon hybrid^ation of the primal probes with the target, resu«,ng ,n 
Cleavage and release of primary probe sequences from the bead, that the now diffusible primary probe 
sequences may bind to the secondary probes. In turn, the primary probe sequences serve as targets 
for the secondary scissile probes, resuming in cleavage and release of secondary probe sequences, 
in an alternate embodiment, the complete reaction is done in solution. In this embodiment, the pnmary 
probes are added, the reaction is allowed to proceed for some period of time, and the uncleaved 
pnmary scissile probes are removed, as outlined above. The secondary probes are then added, and 
the reaction proceeds. The secondary uncleaved probes are then removed, and the cleaved 
sequences are detected as is generally outlined herein. In a preferred embodiment, at least one. and 
preferably more, tertiary probes are used. The tertiary scissile probes may be added to the react,on ,n 
several ways. It is important that the tertiary scissile probes be prevented from hybridizing to the 
uncleaved secondary probes, as this results in the generation of false positive signal. These methods 
are generally done as outlined above. Similarly, quaternary probes can be used as above. 

Thus. CPT requires, again in no particular order, a first CPT primer comprising a first probe sequence, 
a scissile linkage and a second probe sequence; and a cleavage agent. 

,n this manner. CPT results in the generation of a large amount of cleaved primers, which then can be 
detected as outlined below. 

,n a preferred embodiment, the signal amplifcadon technique is a "sandwich" assay, as is generally 
described in U.S.S.N. 60/073,011 and in U.S. Patent Nos. 5.681.702. 5.597.909, 5.545.730. 
5 594 117 5 591.584. 5.571.670. 5.580,731. 5.571.670. 5.591.584. 5.624.802. 5.635.352. 5.594.118. 
5 359 100 5 124 246 and 5.681.697. all of which are hereby incorporated by reference. Although 
sandwich assays do not result in the alteration of primers, sandwich assays can be considered signal 
amplification techniques since multiple signals (i.e. label probes) are bound to a single target, resulting 
in the amplification of the signal. Sandwich assays are used when the target sequence compnses litUe 



31 



PCT/USOO/13942 

WO 00/71243 

or no detectable lat,els; that is. when a secondary probe, comprising the labels, is used to generate 

the signal, 

AS discussed herein, it should be noted that the sandwich assays can be used for the detection of 
primary target sequences (e.g. from a patient sample), or as a method to detect the product of an 
amplification reaction as outlined above; thus for example, any of the newly synthes^ed strands 
outlined above..for example using PGR. LCR. NASBA, SDA. etc.. may be used as the "target 

sequence" in a sandwich assay. 

Generally, sandwich signal amplification techniques may be described as follows. The reactions 
described below can occur either in the reaction module, with subsequent transfer to the detection 
module for detection, or in the detection module with the addition of the required components: for 
clarity, these are discussed together. 

. AS a preliminary matter, as is more fully described below, capture extender probes may be added to 
the target sequence for attachment to the beads in the detection module. 

The methods include the addition of an amplifier probe, which is hybridized to the target sequence, 
either directly, or through the use of one or more label extender probes, which serves to allow 
•generic" amplifier probes to be made. Preferably, the amplifier probe contains a multiplicty of 
amplification sequences, although in some embodiments, as described below, the amplifier probe may 
contain only a single amplification sequence, or at least two amplification sequences. The amplifier 
probe may take on a number of different forms; either a branched conformation, a dendrimer 
conformation, or a linear "string" of amplification sequences. Label probes comprising detectable 
labels then hybridize to the amplification sequences (or in some cases the label probes hybndize 
directly to the target sequence), and the labels are detected as is more fully outlined below. 

AS will be appreciated by those in the art. the systems of the invention may take on a large number of 
different configurations. In general, there are three types of systems that can be used: (1) "non- 
sandwich" systems (also referred to herein as "direct" detection) in which the target sequence .tself .s 
labeled (again, either because the primers comprise labels or due to the incorporation of labeled 
nucleotides into the newly synthesized strand); (2) systems in which label probes directiy bind to the 
target analytes; and (3) systems in which label probes are indirectly bound to the target sequences, for 
example through the use of amplifier probes. 

Accordingly, the present invention provides compositions comprising an amplifier probe. By "amplifier 
probe" or "nucleic acid multimer" or "amplification multimer" or grammatical equivalents herein is 
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meant a nucleic add probe that is used to facilitate signal amplification. Amplifier probes comprise at 
least a first single-stranded nucleic acid probe sequence, as defined below, and at least one single- 
stranded nucleic acid amplification sequence, with a multiplidty of amplification sequences be>ng 
preferred. 

Amplifier probes comprise a first probe sequence that is used, either directly or indirectly, to hybridize 
to the target sequence. That is. the amplifier probe rtself may have a first probe sequence that .s 
substantially complementary to the target sequence, or it has a first probe sequence that .s 
substanBal^ complementa^ to a porton of an additional probe, in this case clled a label extender 
probe that has a first portion that Is substantially complementary to the target sequence. In a 
preferred embodiment, the first probe sequence of the amplifier probe is substantially complementa,, 
to the target sequence. 

,n general as for all the probes herein, the first probe sequence is of a length sufficient to give 
spedficity and stability. Thus generally, the probe sequences of the invention that are designed to 
hybrid^e to another nudeic acid (i.e. probe sequences, amplification sequences, portions or domains 
of larger probes) are at least about 5 nudeosides long, with at least about 10 being preferred and at 
least about 15 being espedally preferred. 

In a preferred embodiment, several different amplifier probes are used, each with first probe 
sequences that will hybridize to a different portion of the target sequence. That is. there is more than 
one level of amplification; the amplifier probe provides an amplification of signal due to a multiplicity of 
labelling events, and several different amplifier probes, each with this multiplidty of labels, for each 
target sequence is used. Thus, preferred embodiments utilize at least two different pools of amplifier 
probes each pool having a different probe sequence for hybridization to different portions of the target 
sequence; the only real limitation on the number of different amplifier probes will be the length of the 
Original target sequence. In addition, it is also possible that the different amplifier probes contain 
different amplification sequences, although this is generally not preferred. 

,n a preferred embodiment, the amplifier probe does not hybridize to the sample target sequence 
direct^, but instead hybrid^es to a first portion of a label extender probe. This is particulariy useful to 
allow the use of 'generic" amplifier probes, that is. amplifier probes that can be used with a vanety of 
different targets. This may be desirable since several of the amplifier probes require special synthesis 
techniques, for example when branched structures are used. Thus, the addition of a relath/ely short 
probe as a label extender probe is preferred. Thus, the first probe sequence of the amplifier probe .s 
substantially complementary to a first portion or domain of a first label extender single-stranded 
nucleic add probe. The label extender probe also contains a second portion or domain that « 
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;tlT.e.=^Wa„d-seco„.-a.n.,™a™»c«n.-an„Hen«.no,.esa,uenc« 

Lpec. « «« 6'.3' Ctenlauon of «a ^rga. or pmbe sa,uancas. Fo, example, assum.™, a -^^ 
re^non.eco^.e„,a„«,ge,se,^nce>=..,po«»,ma,^,ooa«de*e,5.,o»» 

r:po«„,o,3-.o*oaeoo„.po*„. ro,o.ve„,e„ceh.,.n.,.eo«ero,p«Pase,ue„ce,are, 

generally described from left to right. 

,„ a p^fe^a e-nboolmant ™re 0»„ one ,a«l ,«e.dor p,ol«.mp»f«r proOe pair nw .a used. 
ra.«ap«o,tePa,a«on«p^sma,bause.eac.-apo*o«,a,»s.«% 
Z«^»ad«te.e„.p»«nome«rgo.sa,oa„c:m-.=anse™asa„o,her,a.e,o, 
rpL..T.us.aprefe™.a— .*«poo,so,a..as.,wo.«.«n.a,prooa,,»« 

»,e upper Imit being set t,» Ihe length of the target sequence. 

,„ a preferred erhPodimenl more than one tahel extender probe is used w»h a singta an,p,.er PK,be to 

ro^no™.sp.d.c binding, as Is genera., ou.lned In U.S. Pa«. No. 5.6a,,eg7. 
^ernceheL..n this e.bodi.^ta.rstpo.»no.the .relabel extender probe h,bnd.os.oa 

LCLo,the,»ge,se,uence.andthesaoondpo*no,the,..,abe,ex,onderpro^eh,.^^^^ 

,0 a L probe sequenoe o, the an,p,»ler pro,». A erst po«on o, the seoond ,abe, extender robe 
lLLaseco^P«.lo"=>»e<a'»e. sequent, and the second po^onottheseoondab^ 

1^'pn.be hyb^d^estoasecond probe seouenceo,theamp,l«erp™be. These fermstruc^ures 

I^LsreJd.oas-cr„.-.r™-s.uo,u.sorcon«gu^lons.anda,egene,aMone.oco„fer 

stability when large branched or dendrlmerte amplifier probes are used. 

in add»lon, as »l,l be appreciated b, those In the a.,, the label extender probes rha, Interact with a 
preantpllflar probe, descdbed below, rather than the amplifier probe drectl,. 

SWte*. as ou,.ned abo»e. a preferred embodiment uBSes several dmerent ampl«ler probes each 
^ probe sequences that w«l h,br*e to a different P0.t»n of the label extender pro^Jn 
addmon, as outlined ab««. « is -so possib* that the different amplifier probes contain d*lere„t 
ampMcatlon sequences, although this is gerKrally not preferred. 

,n add«on to the first probe sequence, the ampler probe a^ comprises at teast one amp»ca»n 
eequence. An -ampMcatlon sequence" or •amplllication segment" or grammaBca, equ»a«r,ts herein 
is meant a sequence that Is used, either directly or Indirect,, to bind to a first po,«on of a labe probe 
as is more full, described below (although In some cases the ampllfcatloi. sequence may b,nd to a 
detection probe). Preferabl,. me amplHer pmbe comprises a multplicit, of amplllication sequences. 
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with from about 3 to about 1000 being preferred, from about 10 to about 100 being particularty 
preferred, and about 50 being especially preferred. In some cases, for example when linear ampl^er 
probes are used, from 1 to about 20 is preferred with from about 5 to about 10 being particulariy 

preferred. 

The amplification sequences may be linked to each other in a variety of ways, as will be appreciated 
by those in the art. They may be covalently linked directly to each other, or to intervening sequences 
or Chemical moieties, through nucleic acid linkages such as phosphodiester bonds. PNA bonds^eta. 
or through interposed linking agents such amino acid, carbohydrate or polyol bridges, or through other 
cross-linking agents or binding partners. The site(s) of linkage may be at the ends of a segment, 
and/or at one or more internal nucleo^des in the strand. In a preferred embodiment, the ampLfcaton 
sequences are attached via nucleic acid linkages. 

in a preferred embodiment, branched amplifier probes are used, as are general^ described in U.S. 
Patent No 5 124.246. hereby incorporated by reference. Branched amplifier probes may take on 
•fork-like- or "comb-like- conformations. "Fork-like" branched amplifier probes generally have three or 
™re Oligonucleotide segments emanating from a point of origin to form a branched structure. The 
point Of Origin may be another nucleotide segment or a multifunctional molecule to whcih at least three 
segments can be covalenOy or tightly bound. "Comb-like" branched amplifier probes have a linear 
backbone with a multiplicity of sidechain oligonucleotides extending from the backbone. In either 
conformation, the pendant segments will normally depend from a modified nucleotide or other organic 
moiety having the appropriate functional groups for attachment of oligonucleotides. Furthermore, .n 
erther conformation, a large number of amplification sequences are available for binding, either directly 
or indirectly, to detection probes. In general, these structures are made as is known in the art, using 
modified multifunctional nucleotides, as is described in U.S. Patent Nos. 5.635.352 and 5.124,246. 
among others, 

,n a preferred embodiment, dendrimer amplifier probes are used, as are generally described in U.S. 
Patent No. 5.175.270. hereby expressly incorporated by reference. Dendrimeric ampl^er probes have 
amplification sequences that are attached via hybrid^ation. and thus have portions of double-stranded 
nucleic acid as a component of their structure. The outer surface of the dendrimer amplifier probe has 
a multiplicity of amplification sequences. 

in a preferred embodiment, linear amplifier probes are used, that have individual amplification 
sequences linked end-toend either directiy or with short inten^ening sequences to fom, a polymer. As 
with the other amplifier configurations, there may be additional sequences or moieties between the 
amplification sequences. 
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In one 



embodiment, the linear amplifier probe t,as a single amplification sequence. However, in a 
pieV^ed embodiment, linear amplifier probes comprise a multiplied of amplificadon sequences. 

,n addition, the amplifier probe may be totally linear, totally branched, totally dendrimeric. or any 

cximbination thereof. 

The amplification sequences of the amplifier probe are used, either directly or indirectly, to bind to a 
label probe to allow detection. In a preferred embodiment, the amplification sequences of the 
amplifier probe are substantial^r complementary to a first portion of a label probe. AlternatK^e^. 
amplifier extender probes are used, that have a first portion that binds to the amplification sequence 
and a second portion that binds to the first portion of the label probe. 

In addition, the compositions of the invention may include "preamplifier" molecules, which serves a 
bridging moiety between the label extender molecules and the amplifier probes. 

Thus, label probes are either substantially complementary to an amplification sequence or to a portion 

of the target sequence. 

Detection of the amplification reactions of the invention, including the direct detection of amplification 
products and indirect detection utilizing label probes (i.e. sandwich assays), is done by detecting 
assay complexes comprising labels that are attached to a component of the hybridization complex. 

in addition, as described in U.S. Patent No. 5.587,128. the reaction chamber may comprise a 
composition, either in solution or adhered to the surface of the reaction chamber, that prevents the 
inhibition of an amplification reaction by the composition of the well. For example, the wall surfaces 
may be coated with a silane, for example using a silan^ation reagent such as dimethylchlorosilane, or 
coated with a siliconizing reagent such as Aquasil™ or Surfacil™ (Pierce. Rockford. IL). which are 
organosilanes containing a hydrolyzable group. This hydrolyzable group can hydrolyze in solution to 
fom, a silanol that can polymerize and form a tightly bonded film over the surface of the chamber. The 
coating may also include a blocking agent that can react with the film to further reduce inh.brt.on: 
suitable blocking agents include amino acid polymers and polymers such as polyvinylpyrrohdone. 
polyadenylic acid and potymaleimide. Alternatively, for silicon substrates, a silicon oxide film may be 
provided on the walls, or the reaction chamber can be coated with a relatively inert polymer such as a 
polyvinylchloride. In addition, it may be desirable to add blocking polynucleotides to occupy any 
binding sites on the surface of the chamber. 
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,n this and other embodiments, at .east one heating and/or cooling module may be used, that is either 
part of the reaction chamber or separate but can be brought into spatial proximity to the reacfon 
Lule. suitable hea«ng modules are described in U.S. Patent Nos. 5,498.392 and 5.587.12 . and 
WO 97/16561. incorporated by reference, and may comprise electrical resistance heaters, pulsed 
lasers or other sources of electromagnetic energy directed to the reaction chamber. It should also be 
noted that When heating elements are used, it may be desirable to have the reaction chamber be 
relatively shallow, to facilitate heat transfer; see U.S. Patent No. 5.587.128. 

,n a preferred embodiment, the biological reaction chamber allows enzymatic cleavage or alteration of 
the target anafyte. For example, restriction endonuCeases may be used to cleave target nucleic aads 
comprising target sequences, for example genomic DNA. into smaller fragments to facilitate e,ther 
amplification or detection. Altema^vely. when the target analyte is a protein, it may be cleaved by a 
protease. Other types of enzymatic hydrolysis may also be done, depending on the compos,t>on of 
the target analyte. In addition, as ouUined herein, the target analyte may comprise an enzyme and the 
reaction chamber comprises a substrate that is then cleaved to form a detectable product. 

,r, addition, in one embodiment the reaction module includes a chamber for the physical alteration of 
all or part of the sample, for example for shearing genomic or large nucleic acids. UV crosslinKing. etc. 

,n a preferred embodiment, the devices of the invention include at least one fluid pump. Pumps 
generally fall into two categories: "on chip" and "off chip"; that is. the pumps (generally electrode based 
pumps) can be contained within the device itself, or they can be contained on an apparatus into which 
the device fits, such that alignment occurs of the required flow channels to allow pumping of fluids. 

,n a preferred embodiment, the pumps are contained on the device itself. These pumps are generally 
electrode based pumps; that is, the application of electric fields can be used to move both charged 
particles and bulk solvent, depending on the composition of the sample and of the device. Suitable on 
Chip pumps include, but are not limited to. electroosmotic (EO) pumps and electrohydrodynamic (EHD) 
pumps; these electrode based pumps have sometimes been referred to in the art as "electrokinetic 
(EK) pumps". All of these pumps rely on configurations of electrodes placed along a flow channel to 
result in the pumping of the fluids comprising the sample components. As is described in the art. the 
configurations for each of these electrode based pumps are slighly different: for example, the 
effectiveness of an EHD pump depends on the spacing between the two electrodes, with the closer 
together they are. the smaller the voltage required to be applied to effect fluid flow. Alternatively, for 
EO pumps the spacing between the electrodes should be larger, with up to one-half the length of the 
channel in which fluids are being moved, since the electrode are only involved in applying force, and 
not, as in EHD. in creating charges on which the force will act. 
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in a preferred embodiment, an electroosmotic pump is used. Electroosmosis (EO) is based on the 
fact that the surface of many solids, including quartz, glass and others, become variously charged, 
negatively or positively, in the presence of ionic materials. The charged surfaces will attaract 
oppositely charged counterions In aqueous solutions. Applying a voltage results in a migration of the 
counterions to the oppositely chaged electrode, and moves the bulk of the fluid as well. The volume 
flow rate is proportional to the current, and the volume flow generated in the fluid is also proportional to 
the applied voltage. Electroosmostic flow is useful for liquids having some conductivity is and 
generally not applicable for non-polar solvents. EO pumps are described in U.S. Patent Nos. 
4,908.112 and 5.632,876. PCT US95/14586 and W097/43629, incorporated by reference. 

In a preferred embodiment, an electrohydrodynamic (EHD) pump is used. In EHD, electrodes In 
contact with the fluid transfer charge when a voltage Is applied. This charge transfer occurs either by 
transfer or removal of an electron to or from the fluid, such that liquid flow occurs in the direction from 
the charging electrode to the oppositely charged electrode. EHD pumps can be used to pump 
resistive fluids such as non-polar solvents. EHD pumps are described in U.S. Patent No. 5,632.876. 
hereby incorporated by reference. 

The electrodes of the pumps preferably have a diameter from about 25 microns to about 100 microns, 
more preferably from about 50 microns to about 75 microns. Preferably, the electrodes protrude from 
the top of a flow channel to a depth of from about 5% to about 95% of the depth of the channel, with 
from about 25% to about 50% being preferred. In addition, as described in PCT US95/14586. an 
electrode-based internal pumping system can be be integrated into the liquid distribution system of the 
devices of the invention with flow-rate control at multiple pump sites and with fewer complex 
electronics if the pumps are operated by applying pulsed voltages across the electrodes; this gives the 
additional advantage of ease of integration into high density systems, reductions in the amount of 
electrolysis that occurs at electrodes, reductions in themial convenction newar the electrodes, and the 
ability to use simpler drivers, and the ability to use both simple and complex pulse wave geometries. 

The voltages required to be applied to the electrodes cause fluid flow depends on the geometry of the 
electrodes and the properties of the fluids to be moved. The flow rate of the fluids is a function of the 
amplitude of the applied voltage between electrode, the electrode geometery and the fluid properties, 
which can be easily determined for each fluid. Test voltages used may be up to about 1500 volts, but 
an operating voltage of about 40 to 300 volts is desirable.An analog driver is generally used to vary the 
voltage applied to the pump from a DC power source. A transfer function for each fluid is detemiined 
experimentally as that applied voltage that produces the desired flow or fluid pressue to the fluid being 
moved in the channel. However, an analog driver is generally required for each pump along the 
channel and is suitable an operational amplifier. 
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,n a preferred embcxliment. a micromechanical pump is used, erther or,- or off-chip, as is known In the 
art. 

,n a preferred embodiment, an "off-chip" pump is used. For example, the devices of the invention may 
fit into an apparatus or appliance that has a nesting site for holding the device, that can register the 
ports (i e sample inlet ports, fluid inlet ports, and waste outlet ports) and electrode leads. The 
apparatus can including pumps that can apply the sample to the device: for example, can force cell- 
containing samples into cell lysis modules containing protn^sions, to cause cell lysis upon application 
of sufficient flow pressure. Such pumps are well known in the art. 

,n a preferred embodiment, the devices of the invention include at least one fluid vah/e that can control 
the flow of fluid into or out of a module of the device. A variety of valves are known in the art For 
example in one embodiment, the valve may comprise a capillary barrier, as generally descnbed .n 
PCT US97/07880. incorporated by reference. In this embodiment, the channel opens into a larger 
space designed to favor the formation of an energy minimizing liquid surface such as a men.scus at 
the opening. Preferably, capillary barriers include a dam that raises the vertical height of the channel 
immedlated before the opening into a larger space such a chamber. In addlUon. as described in U.S. 
Patent No. 5.858.195. incorporated herein by reference, a type of "virtual valve" can be used. 

,n a preferred embodiment, the devices of the invention include sealing ports, to allow the introduction 
of fluids, including samples, into any of the modules of the invention, with subsequent closure of the 
port to avoid the loss of the sample. 

,n a preferred embodiment, the devices of the invention include at least one storage modules for assay 
reagents These are connected to other modules of the system using flow channels and may compnse 
wells or chambers, or extended flow channels. They may contain any number of reagents, buffers. 

salts, etc. 

in a preferred embodiment, the devices of the invention include a mixing module; again, as for storage 
modules, these may be extended flow channels (particulariy useful for timed mixing), wells or 
chambers. Particularly in the case of extended flow channels, there may be protrusions on the s.de of 
the channel to cause mixing. 

in a preferred embodiment, the devices of the invention include a detection module. The present 
invention is directed to methods and compositions useful in the detection of biological target analyte 
species such as nucleic acids and proteins. In general, the detection module is based on work 
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„^»™.,„U.SSN.s09«S,.S7,..0.m7..89,n« 0.^9.^3; POTUS98«,,93; POT US9=,^^^ 
M PCT US9M)5025, a. of v*lch are hereby inccpo-eled b, reference m meir errtreV- 

me oetecft. m<x.ute. o, me preser,. ir.ven« connprise an arra, suP..a» w»h a surface cornprisin, 
discrete siles and a population of array microsprteres (sometimes referred to herein as beads) 
Zritbe arl, surface. Tbed.te«,onmodu.oftnem^uid.de.icesdes..dbe^^ 
based on pre..us wo* c^pds^sabead-basedana^Bc Chemists system rnwhicbbeads^a^ 
tern«dmirospneres.car,yin9di.feren.obemica,«c«ona,H^-ned,stnbu.edona„an=y^^™fe^ 

ccprisin, a pa»emed surface of discrete sites tba, can bind the individua, m«rosp.»res Tbe be^s 
r9eneI.PU.ontothesubst,ate.ndom,.and«usse.e,a,d»ferentmetbodo1og«ca-,«^^^ 
;rl-»ear.ys..noneembodimen,.un,,ueop^.9na.u,esareinco,pc^.ed,nto,^^s. 

,,.,era,Mu»esce.tdyes.tnatcou,dbeused.oider,,*tnecnem^,^nct^na,*onany,»^^^^^^ 
bead Tbis a.ows tne syntbes. of «,e candidate agents ,i.e, conpounds sucb ,s nuCK: a«ds and 
antbcd^s) to be dwced from mei. placement on an array, i.e. the candidate agents may be 
syn^esJdonthe beads. andmenthe,»adsare.ndo^distn^.eaonapa,ter™dsu^^^^^^ 

L beads a. Srstcoded w«h an op«ca1 s^nature, th. means that tte array can ^er be e«^^ 

i e after the anay ^ made, a conelatlon of the location 0, an indMdual s«e on the anay w«h Ihe bead 
rnd«a,eagenta,.natpa^.rs»ecanbe.,«de. Th. means that the beads may be random, 
sited on L a^. a fas, and inexpens^e process as ct^pared »e»er.e in s^^^^^ 

soottino technlaues of the prior a„. These methods are gerrerally outuned ,n PCT US9OT6Q25. 

PCrs^9-.. U.S. pI no. e.023.«0 and U.S.S N s 09„5,.a77 and 09,450,829. aii of wh^ 

are expressly incorporated herein by reference. 

However, the drawback to these methods is that for a ver, high density anay, the system recuires a 
iarge number of different op«cal signatures, which may be difUcult or time-consuming to u^lae. 
^^ing,,the^esentin,en«onaisop™v,desse.erali^™.emen,sover these methcdsgeneral, 

ndlmJ^sofcoding and decoding the arrays. T^tis, as willbeappredated by those.the 
a„ the ^acement of the bioactive agents is genera., random, and thus a cod»,g,decod,ng systen, . 
,«,uir«d to «.en«.y the bioactive agent a. each *»a«on in the array. This may be done ,n a vane^ of 

ways, as is mo« ful, outi^ed below, and general, includes: a) th decoding birK„n9 i«and 

(DBL) general, directly labeled, ^ binds to either the bioac.i.e agent or to identif^r b,nd,ng l,ga|,d 
,BLs, attached to the beads; b) positional deco^ng, for e,»mple b, either targehng «,e placement ol 
beads (fe. exam^e by using photoacti»a«bfe or photodeavable mottles to allow the se^ecbve add,«n 
of beads to par^cular «x^,lons), or by using either sut^bundtes or selec«ve ^ of the s«es, as are 
more fiily ou.«ned below; c, selecti.e decoding, wherein on, those beads that bind to a targe are 
decode,; or d) combirations of any of these, m some cases, as is more ful, outline, betow. this 
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decoding may occur ,or a., the beads, or only for those that bind a parUcular target ana^^te. Similarly, 
this may occur either prior to or after addition of a target analyte. 

,„ the detection module of the present invention, "decoding- can use optical signatures, decoding 
binding ligands that are added during a decoding step, or a combination of these methods. The 
decoding binding ligands will bind either to a distinct identifier binding ligand partner that is plac^ on 
the beads, or to the bioactive agent itself, for example when the beads comprise single-stranded 
nucleic acids as the bioactive agents. The decoding binding ligands are either directly or indirectly 
labeled, and thus decoding occurs by detecting the presence of the label. By using pools of decoding 
binding ligands in a sequential fashion. It is possible to greatly minim-.e the number of requ.red 
decoding steps. 

once the identity (i.e. the actual agent) and location of each microsphere in the array has been fixed, 
the detection array is exposed to samples containing the target analytes. although as outi,ned below, 
this can be done prior to or during the analysis as well. The components of the microfiuidic devce 
n^y be used in the decoding as desired.The target analytes will bind to the bioactive agents as ,s 
n,ore ful^ outlined below, and results in a change in the optical signal of a particular bead, resulting .n 
detection. 

Accordingly, the present invention provides detection modules comprising arrays comprising at least a 
first substrate with a surface comprising a plurality of assay locations. By "array" herein is meant a 
plurality of candidate agents in an array format; the size of the array will depend on the composition 
and end use of the array. Arrays containing from about 2 d^erent bioactive agents (i.e. different 
beads) to many millions can be made, with very large fiber optic arrays being possible. Generally, the 
array will comprise from two to as many as a billion or more, depending on the size of the beads and 
the substrate, as well as the end use of the array, thus very high density, high density, moderate 
density, low density and very low density arrays may be made. Preferred ranges for very high dens.ty 
arrays are from about 1 0.000.000 to about 2.000,000,000, (with all numbers being per square 
centimeter) with from about 100,000.000 to about 1 ,000.000.000 being preferred. High density arrays 
range about 100.000 to about 10.000,000. with from about 1.000.000 to about 5.000.000 be.ng 
particulariy preferred. Moderate density arrays range from about 10.000 to about 100.000 being 
particulariy prefered. and from about 20.000 to about 50.000 being espedally preferred. Low density 
arrays are generally less than 10.000. wrth from about 1 .000 to about 5.000 being preferred. Very low 
density arrays are less than 1.000. with from about 10 to about 1000 being preferred, and from about 
100 to about 500 being particulariy preferred. In some embodiments, the compositions of the invention 
may not be in array format; that is. for some embodiments, compositions comprising a single bioactive 
agent may be made as well. In addition, in some arrays, multiple substrates may be used, either of 
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different or 
substrates. 



identical compositions. Thus for example, large arrays may comprise a plurality of smaller 



in addition one advantage of the present compositions is that particularly through the use of fiber opttc 
technology, extremely high density arrays can be made. Thus for example, because beads of 200 pm 
or less (With beads of 200 nm possible) can be used, and very small fibers are known, it is possible to 
have as many as 250,000 or more (in some instances, 1 rnillion) different fibers and beads in a 1 mm' 
fiber optic bundle, with densities of greater than 15.000.000 individual beads and fibers (again, .n 
some instances as many as 25-50 million) per O.S cm^ obtainable. 

By "array substrate" or "array solid support" or other grammatical equivalents herein is meant any 
material that can be modified to contain discrete individual sites appropriate for the attachment or 
association of beads and Is amenable to at least one detection method as outlined herein. As will be 
appreciated by those In the art. the number of possible array substrates is very large. Possible array 
substrates include, but are not limited to, glass and modified or functionallzed glass, plastics (including 
acrylics polystyrene and copolymers of styrene and other materials, polypropylene, polyethylene, 
polybutylene. polyurethanes. TeflonJ. etc.). polysaccharides, nylon or nitrocellulose, resins, silica or 
silica-based materials including silicon and modified silicon, carbon, metals, inorganic glasses, 
plastics optical fiber bundles, and a variety of other polymers. In general, the substrates allow optical 
detection and do not themselves appreciably fluorescese. The array substrates may be the same as 
the device substrates, or they may be different If different, they may be attached to the device in any 
number of ways, as will.be appreciated by those in the art. including, but not limited to. the use of 
adhesives. fusing the two materials together (for example using heat or organic solvents). 

Generally the substrate is flat (planar), although as will be appreciated by those in the art, other 
configurations of assay substrates may be used as well; for example, three dimensional configurations 
can be used, for example by embedding the beads in a porous block of plastic that allows sample 
access to the beads and using a confocal microscope for detection. Similarly, the beads may be 
placed on the inside surface of a tube, for flow-through sample analysis to minimize sample volume. 
Preferred assay substrates include optical fiber bundles as discussed below, and flat planar substrates 
such as glass, polystyrene and other plastics and acrylics. 

Accordingly, In a preferred embodiment, the array comprises a fiber optic bundle. That is. the 
microfluidic chip and a fiber optic bundle as described In WO/98/40726 and WO/00/016101 are 
combined to fomn the device of the invention. 
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,n one embodiment, the microfluidic chip and the fiber optic bundle are prepared separately and then 
combined To combine the fiber optic bundle with the microfluidic chip, a hole is opened .n the ch.p 
that intersects with a channel in the chip. In a preferred embodiment, the hole is perpendicular to the 
channel In addition, it is preferred that the hole penetrate on^ through the first wall of the channel. 
Finally it is preferred that the diameter of the hole match the diameter of the fiber optic bundle. When 
the diameter of the hole does not precisely match the size of the fiber optic bundle, adapter fittings 
may be used to facilitate the connection of the chip with the fiber optic bundle. 

.Once the opening has been fom^ed in the chip.-the fiber optic bundle is inserted into the hote^ 
preferred embodiment, the surface fo the bundle matches or is aligned with the first wall of the 
channel. 

The bundle is attached to the chip through any of a number of ways as is known in Uie art. These 
include for example, adhesive or press fittings. 

,n one embodiment, microspheres are distributed on the array or bundle prior to connecting to the 
microfluidic chip. Alternatively, the beads are distributed following connection of the bundle to the ch.p 

as is outlined below. 

In another preferred embodiment, the substrate comprising discrete sites is the microfluidic chamber 
Itself That is a channel of the microfluidic device is modified so as to contain wells for distnbution of 
the beads In one embodiment the wells are made by etching or molding the surface of the chamber 
as described herein. Alternatively, pre-made wells are added, i.e.. adfixed. to the floor of the chamber. 

The assay substrate comprises an assay surface comprising a plurality of assay locations, i.e. the 
location Where the assay for the detection of a target analyte will occur. The assay locations are 
generally physically separated from each other, although other configurations (hydrophob.c.ty/ 
hydrophilicity, etc.) can be used to separate the assay locations. 

in a preferred embodiment, the assay substrate is a slice or a section an optical fiber bundle or array, 
as is general^ described in U.S.S.N.s 08/944.850. 08/519.062 and 09/287.573. PCT US98/05025, 
PCT/US98/21193 and PCf US98/09163. all of which are expressly incorporated herein by reference. 
Preferred embodiments utiles preformed unitary fiber optic arrays. By "prefomied unitary fiber optic 
array herein is meant an array of discrete individual fiber optic strands that are co-axially disposed 
and joined along their lengths. The fiber strands are generally individually clad. However, one thing 
tiiat distinguished a prefom,ed unitary array from other fiber optic fomiats is that the fibers are not 
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individual^ physically manipulatable: that is, one strand generally cannot be physical^r separated at 
any point along its length from another fiber strand. 

in a preferred embodiment, the assay surface comprises a plurality of discrete sites. That is, at least 
one surface of the substrate is modified to contain discrete, individual sites for later association of 
microspheres. These sites may comprise physically altered sites. i.e. physical configurations such as 
wells or small depressions in the substrate that can retain the beads, such that a microsphere can rest 
in the well or the use of other forces (magnetic or compressive), or chemically altered or acUve sites, 
such as Chemically .functionalizedsites..electrostaticallyaltered.sites.hydrophobically/h^^^^^^ 

functionalized sites, spots of adhesive, etc. 

The sites may be a pattern, i.e. a regular design or configuration, or randomly distributed. A preferred 
embodiment utilizes a regular pattern of sites such that the sites may be addressed .n the X-Y 
coordinate plane. "Pattern" in this sense includes a repeating unit cell, preferably one that allows a 
high density of beads on the array substrate. However, it should be noted that these sites may not be 
discrete sites. That is. it is possible to use a uniform surface of adhesive or chemical functional.Ues. 
for example, that allows the attachment of beads at any posrtion. That is. the surface of the substrate 
is modified to allow attachment of the microspheres at individual sites, whether or not those sites are 
contiguous or non-con^guous with other sites. Thus, the surface of the substrate may be modified 
such that discrete sites are fom.ed that can only have a single associated bead, or alternatively, the 
surface of the substrate is modified and beads may go down anywhere, but they end up at discrete 



sites. 



in a preferred embodiment, the surface of the array substrate is modified to contain wells. ..e. 
depressions in the surface of the substrate. This may be done as is generally known in the art using a 
variety of techniques, including, but not limited to, photolithography, stamping techniques, molding 
techniques and microetching techniques. As will be appreciated by those in the art the technique used 
will depend on the composition and shape of the substrate. 

,n a preferred embodiment, physical alterations are made in a surface of the substrate to produce the 
. srtes in a preferred embodiment, for example when the array substrate is a fiber optic bundle, the 
surface of the substrate is a temiinal end of the fiber bundle, as is generally described in PCT 
US98/05025. PCT/US99^0914. U.S. Pat. No. 6.023.540 and U.S.S.N.s 09/151.877 and 09/450.829. 
all of which are hereby expressly incorporated by reference. In this embodiment, wells are made in a 
temiinal or distal end of a fiber optic bundle comprising individual fibers. In this embodiment, the cores 
of the individual fibers are etched, with respect to the cladding, such that small wells or depressions 
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are formed at one end of the fibers. The required depth of the wells will depend on the size of the 
beads to be added to the wells. 

Generally in this embodiment, the microspheres are non-covalently associated in the wells, although 
the wells may additionally be chemically functional^ed as is generally described below, cross-l,nk.ng 
agents may be used, or a physical barrier may be used. i.e. a film or membrane over the beads. 

,n a preferred embodiment, the surface of the array substrate is modified to contain chemical^ 
modified sites, that can be used to attach, either covalently or non-covalently. the microspheres of the 
invention to the discrete sites or locations on the substrate. "Chemically modified sites' in this context 
includes but is not limited to. the addition of a pattern of chemical funcdonal groups including am,no 
groups, carboxy groups, oxo groups and thiol groups, that can be used to covalently attach 
microspheres, which generally also contain corresponding reactive functional groups; the add.t.on of a 
pattern of adhesive that can be used to bind the microspheres (either by prior chem.cal 
func^onalization for the addition of the adhesive or direct addition of the adhesive): the addition of a 
pattern of charged groups (similar to the chemical funcfionalities) for the electrostatic attachmen o the 
microspheres, i.e. when the microspheres comprise charged groups opposite to the sites; the add-fon 
of a pattern of chemical functional groups that renders the sites differentially hydrophobic or 
hydrophilic. such that the addition of similar^ hydrophobic or hydrophilic microspheres under su,table 
experimental conditions will result in association of the microspheres to the sites on the bas,s of 
hydroaffinity. For example, the use of hydrophobic sites with hydrophobic beads, in an aqueous 
system drives the associafion of the beads preferentially onto the sites. As outlined above, "pattern .n 
this sense includes the use of a uniform treatment of the surface to allow attachment of the beads at 
discrete sites, as well as treatment of the surface resulting in discrete sites. As will be appreciated by 
those in the art. this may be accomplished in a variety of ways. 

In a preferred embodiment, the substrate is configured to allow mixing of the sample, reagents, 
microspheres, etc. That is. in a variety of embodiments, mixing or sample turbulence is des-rable. 
This can be accomplished in a variety of ways. In a preferred embodiment, the substrate comprises 
raised microstructures such as vertical "posts" or weirs, or other configurations that create sample 
turbulence, such as edged depressions. These structures may be configured with respect to the 
chamber such that the flow of the sample past the array causes mixing or sample turbulence. For 
example, in one embodiment the detection surface is "sunken" or "recessed" with respect to the 
chamber, such that the flow of the sample past the electrode causes mixing. In a preferred 
embodiment, vertical "posts" or "pins" are included, to aeate sample turbulence. 
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These ™cmamc.u,es can be IndudeS an,«.,ere «*ln >he <tevlce. InCudlng wimin o, 

«rtcatlon.echni,u.s.lnon,en,Bodimenl>e«micmstn,*,,esarefom,edo.c<«.edf™m 
™dLo:,»..e».«e»P^n.„nde^«e«e.*„s««»adsors=^;.o. 

example. Ir a pfeferreO embodlme* the posts are made of metal 

The composMons of the Invention further compose a population of microspheres^ B, -popuBtlon" 
re^™tap,u..t,o,Peedsasou.lned above forarra,s™thlnthepopu,a«o.a«separa,e 

rZlns, Ih can he a ^*e m.msphere or mu.p,e iden»ca, mlc^spheres^ -^at . . 
"nrLhodlmen.s.aslsn»re,ul„ outlined he^w.,hearra,n»,contalnon,a.n„ehead,o,each 

hloactive agent; preler^d embodiments utilize a plura% of beads of each type. 

B, -maospheres" or "beads- or -partcfes- or gramma«cal «,u.alents herein Is mean, sma. dls»ete 
l«s L composition o, the beads will va,. depending on the class of bloac.^ agent nd «e 
:er.s,nJs. Su.hlebeadoompos«onsln.ude.oseusedlnpep«.e,ou*^a»dand 

organic moiet, synthesis. Including, but not limi»Kl to. plastics, ceramice, glass. pCystyrene. 

a^,.icpo.n»rs,param3gnet.— .^*s..carbongraphited« .e^ 

rrorlss«lext,anssuc*asSepha,ose.ce,,u»se.n,^.c«ss.nk.dm«e^adte^n 
mt a. « used. -M^rosp^ere Oe^ Su«e- f»n San^ Laboratories. Fishers « . a he,p..l 

guide. 

The beads need not be sphehcal; irregular partes may be used. In edd«lon. the beads n^be 
porous, thus inc-easlngthesu^ceareeoftnebeadavallablefor .the, bloact^eagenttt^^m^^^ 

Lg a«. The bead s.es range ^m nanometers. I.e. ,00 nm. to -~ ' "^.T 
ls^abouto.2 micron to about 200 m^ns being preferred, and fn.ma^u,0.5»a,^5 

m^ron being par«cula,^ preferred, although In some embodiments sma,«r beads may be used. 

,tshouldbenotedtha.a.e,componen,o,thelnvent.nistheuseofesubs^,e,bead^^^^^^^ 
al^ws the assoo^tK-n or attachment of the beads a, d«crete s«es on the surface of the substrate, 
such that the beads do not move during the course of the assay. 

Each n^crosphere comprises a b«actlve agent, although as wl. be appreciate b, those in the art. 
there may be some n^crospheres which do no, contain a bioac«.e agent, depending the on the 
!,„*eJm.thods.B,-cand«a,ebloaa.eagenfor-b^veagent-o,-che^ca,^nct»na,^^^^^ 

-.ndi^ *ar< herein Is meant as used herein describes an, molecule, e.,., 

small organ, molecule, coordlnabon complex, po^sacchahde. po^nudeotide. etc. wh,^ can te 

attached to the microspheres of the invention. ,t should be understood that the compos»ons of the 
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invention have two pri.a^ uses, .n a preferred e.t>odiment. as is .ore fu.ty "^^^ 
composiUons are used to detect the presence of a particular target analyte; for example, the presence 
or absence of a particular nucleotide sequence or a particular protein, such as an enzyme, an 
antit^ody or an antigen. In an alternate preferred emtK^diment. the compositions are used to screen 
bioactK/e agents, i.e. drug candidates, for binding to a particular target analyte. 

Bioactive agents encompass numerous chemical classes, though typically they are organic molecules. 
preferabV small organic compounds having a molecular weight of more than 100 and less than about 
2 500 daltons. Bioactive agents comprise functional groups necessan. for structural interaction w,th 
p^telns. particular, hydrogen bonding, and typically include at least an amine, carbonyl, hydroxy, or 
carboxyl group, preferably at least two of the functional chemical groups. The bioactK,e agents often 
comprise cyclical carbon or heterocyclic structures and/or aromatic or po^aroma^c structures 
substituted With one or more of the above functional groups. BioactK^e agents are also found among 
biomolecules including peptides, nucleic acids, saccharides, fatty acids, steroids, purines. pynm,d.nes. 
derivatives, structural analogs or combinations thereof. Particularly preferred are nucleic acds and 
proteins. 

Bioactive agents can be obtained from a wide variety of sources including libraries of synthetic or 
natural compounds. For example, numerous means are available for random and directed synthesis 
of a wide variety of organic compounds and biomolecules, including expression of random^ed 
Oligonucleotides. Alternative,, libraries of natural compounds in the form of bacterial, fungal, p ant 
and animal extracts are available or readily produced. Additionally, natural or synthetically produced 
libraries and compounds are readily modified through conventional chemical, physical and biochem.cal 
means Known pharmacological agents may be subjected to directed or random chem-cal 
modffications, such as acylation. alkylation, esterifcation and/or amidlfication to produce structural 
analogs. 

in a preferred embodiment, the bioactive agents are proteins, as defined above. 

,n one preferred embodiment, the bioactive agents are naturally occurring proteins or fragments of 
naturally occurring proteins. Thus, for example, cellular extracts containing proteins, or random or 
directed digests of proteinaceous cellular extracts, may be used. In this way libraries of procaryotc 
and euka^otic proteins may be made for screening in the systems described herein. Particularly 
preferred in this embodiment are libraries of bacterial, fungal, viral, and mammalian proteins, with the 
latter being preferred, and human proteins being especially preferred. 
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In a preferred embodiment, the bioactive agents are peptides of from about 5 to about 30 amino 
acids, with from about 5 to about 20 amino acids being preferred, and from about 7 to about 15 being 
particularly preferred. The peptides may be digests of naturally occurring proteins as is outlined 
above, random peptides, or "biased" random peptides. By "randomized" or grammatical equivalents 
herein is meant that each nucleic acid and peptide consists of essentially random nucleotides and 
amino acids, respectively. Since generally these random peptides (or nucleic acids, discussed below) 
are chemically synthesized, they may incorporate any nucleotide or amino acid at any position. The 
synthetic process can be designed to generate randomized proteins or nucleic acids, to allow the 
formation of all or most of the possible combinations over the length of the sequence, thus forming a 
library of randomized bioactive proteinaceous agents. 

In a preferred embodiment, a library of bioactive agents are used. The library should provide a 
sufficiently structurally diverse population of bioactive agents to effect a probabilistically sufficient 
range of binding to target analytes. Accordingly, an interaction library must be large enough so that at 
least one of its members will have a structure that gives it affinity for the target analyte. Although it is 
difficult to gauge the required absolute size of an interaction library, nature provides a hint with the 
immune response: a diversity of lOMO" different antibodies provides at least one combination with 
sufficient affinity to interact with most potential antigens faced by an organism. Published in vitro 
selection techniques have also shown that a library size of 10^ to 10« is sufficient to find structures with 
affinity for the target. Thus, in a preferred embodiment, at least 10^ preferably at least lO^ more 
preferably at least 10« and most preferably at least 10« different bioactive agents are simultaneously 
analyzed in the subject methods. Preferred methods maximize library size and diversity. 

In a preferred embodiment, the library is fully randomized, with no sequence preferences or constants 
at any position. In a preferred embodiment, the library is biased. That is. some positions within the 
sequence are either held constant, or are selected from a limited number of possibilities. For example, 
in a preferred embodiment, the nucleotides or amino acid residues are randomized within a defined 
class, for example, of hydrophobic amino acids, hydrophilic residues, sterically biased (either small or 
large) residues, towards the creation of cysteines, for cross-linking, prolines for SH-3 domains, 
serines, threonines, tyrosines or histidines for phosphorylation sites, etc.. or to purines, etc. 

in a preferred embodiment, the bioactive agents are nucleic acids as defined above (generally called 
"probe nucleic acids" or "candidate probes" herein). As described above generally for proteins, nucleic 
acid bioactive agents may be naturally occuring nucleic acids, random nucleic acids, or "biased" 
random nucleic acids. For example, digests of procaryotic or eukaryotic genomes may be used as is 
outlined above for proteins. 
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vymen the bioactive agents are nucleic acids, they are designed to be substantially complementary to 
target sequences. The tern, "target sequence" or grammatical equivalents herein means a nucleic 
acid sequence on a single strand of nucleic acid. The target sequence may be a portion of a gene, a 
regulatory sequence, genomic DNA. cDNA. RNA including mRNA and rRNA. or others. It may be any 
length, with the understanding that longer sequences are more specific. As will be appreciated by 
those in the art the complementary target sequence may take many forms. For example, it may be 
contained within a larger nucleic acid sequence, i.e. all or part of a gene or mRNA. a restriction 
fragment of a plasmid or genomic DNA. among others. As is outlined more fully below, probes are 
-made to hybridize to target sequences to detemnlne the presence or absence of the target sequence 
in a sample. Generally speaking, this term will be understood by those skilled in the art. 

in a preferred embodiment, the bioactive agents are organic chemical moieties, a wide variety of which 

are available in the literature. 

in a preferred embodiment, each bead comprises a single type of bioactive agent, although a plurality 
of individual bioactive agents are preferabfy attached to each bead. Similarly, preferred embodiments 
utilize more than one microsphere containing a unique bioactive agent; that is. there is redundancy 
built into the system by the use of subpopulations of microspheres, each microsphere in the 
subpopulation containing the same bioactive agent. The numbers of beads for each subpopulatbn will 
vary. Those of skill in the art will appreciate that the random distribution of the beads on the array 
substrate will generally follow a Poisson distribution, and thus any particular subpopulation will have 
the same number or a different number of beads on the array substrate. Similarly, the redundancy of 
the array will va^^ with the application for which it is used. Preferred embodiments have at least two 
beads of each subpopulation on the array, with from at least about three to about fifty being preferred, 
from about five to about twenty being preferred, and from about eight to about ten being particularly 
preferred. 

As will be appreciated by those in the art. the bioactive agents may either be synthesized directly on 
the beads, or they may be made and then attached after synthesis. In a preferred embodiment 
linkers are used to attach the bioactive agents to the beads, to allow both good attachment, sufficient 
flexibility to allow good interaction with the target molecule, and to avoid undesirable binding reactions. 

In a preferred embodiment, the bioactive agents are synthesized directly on the beads. As is known In 
the art. many classes of chemical compounds are currently synthesized on solid supports, such as 
peptides, organic moieties, and nucleic acids. It is a relatively straightfonvard matter to adjust the 
current synthetic techniques to use beads. 
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In a preferred embodiment, the bioactive agents are synthesized first, and then covalently attached to 
the t)eads. As will be appreciated by those in the art. this will be done depending on the composition 
of the bioactive agents and the beads. The functionalization of solid support surfaces such as certain 
polymers with chemically reactive groups such as thiols, amines, carboxyls. etc. is generally known in 
the art Accordingly, "blank" microspheres may be used that have surface chemistries that facilitate 
the attachment of the desired functionality by the user. Some examples of these surface chemistries 
for blank microspheres include, but are not limited to. amino groups including aliphatic and aromatic 
amines, carboxylic acids, aldehydes, amides, chloromethyl groups, hydrazide. hydroxyl groups, 
sulfonates and sulfates. 

These functional groups can be used to add any number of different candidate agents to the beads, 
generally using known chemistries. For example, candidate agents containing carbohydrates may be 
attached to an amino-functionalized support; the aldehyde of the carbohydrate is made using standard 
techniques, and then the aldehyde is reacted with an amino group on the surface. In an alternative 
embodiment, a sulfhydryl linker may be used. There are a number of sulfhydryl reactive linkers known 
in the art such as SPDP. maleimides. a-haloacetyls. and pyrldyl disulfides (see for example the 1994 
Pierce Chemical Company catalog, technical section on cross-linkers, pages 155-200. incorporated 
herein by reference) which can be used to attach cysteine containing proteinaceous agents to the 
support. Alternatively, an amino group on the candidate agent may be used for attachment to an 
amino group on the surface. For example, a large number of stable bifunctional groups are well 
known in the art, including homobifunctional and heterobifunctional linkers (see Pierce Catalog and 
Handbook, pages 155-200). In an additional embodiment, carboxyl groups (either from the surface or 
from the candidate agent) may be derivatized using well known linkers (see the Pierce catalog). For 
example, cart)odiimides activate cart)Oxyt groups for attack by good nucleophiles such as amines (see 
Torchllin et al., r.ritir;,l Rev. Therap -"- ^-^rripr Systems. 7(4):275-308 (1991). expressly 
incorporated herein). Proteinaceous candidate agents may also be attached using other techniques 
known in the art, for example for the attachment of antibodies to polymers; see Slinkin et al.. BioconL 
Chem. 2 :342-348 (1991); Torchllin et al.. supra; Trubetskoy et al., Bioconj. Chem. 3 :323-327 (1992); 
King et al.. Cancer Res. 54 :6176-6185 (1994); and Wilbur et al., Riocon j uqate Chem. 5 :220-235 
(1994), all of which are hereby expressly incorporated by reference). It should be understood that the 
candidate agents may be attached in a variety of ways, including those listed above. What is 
important is that manner of attachment does not significantly alter the functionality of the candidate 
agent; that Is. the candidate agent should be attached in such a flexible manner as to allow its 
interaction with a target. 

Specific techniques for immobilizing enzymes on microspheres are known in the prior art. In one case. 
NH, surface chemistry microspheres are used. Surface activation is achieved with a 2.5% 
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glutaraldehyde in phosphate buffered saline (10 mlVl) providing a pH of 6.9. (138 mM NaCI. 2.7 mM. 
KCI). This is stirred on a stir bed for approximately 2 hours at room temperature. The microspheres 
are then rinsed with ultrapure water plus 0.01% tween 20 (surfactant) -0.02%. and rinsed again with a 
pH 7.7 PBS plus 0.01% tween 20. Finally, the enzyme is added to the solution, preferably after being 
prefiltered using a 0.45Mm amicon micropure filter. 

In some embodiments, the beads may additionally comprise an optical signature, that can be used to 
identify the bioactive agent; see for example PCT US98/05025, PCT/US99/20914. U.S. Pat No. 
6.023.540^nd U.S.S.N.s 09/151.877 and 09/450,829. all of which are expressly incorporated herein 
by reference. 

In some embodiments, the microspheres may additionally comprise identifier binding ligands for use in 
certain decoding systems. By "identifier binding ligands" or "IBLs" herein is meant a compound that 
will specifically bind a corresponding decoder binding ligand (DBL) to facilitate the elucidation of the 
identity of the bioactive agent attached to the bead. That is. the IBL and the corresponding DBL fomn 
a binding partner pair. By "specifically bind" herein is meant that the IBL binds its DBL with specificity 
sufficient to differentiate between the corresponding DBL and other DBLs (that is. DBLs for other 
IBLs). or other components or contaminants of the system. The binding should be sufficient to remain 
bound under the conditions of the decoding step, including wash steps to remove non-specific binding. 
In some embodiments, for example when the IBLs and corresponding DBLs are proteins or nucleic 
acids, the dissociation constants of the IBL to its DBL will be less than about 10^-10* M \ with less 
than about 10 * to 10 « W being preferred and less than about 10 ' -10"' M ' being particularly 
preferred. 

IBL-DBL binding pairs are known or can be readily found using known techniques. For example, when 
the IBL is a protein, the DBLs include proteins (particularly including antibodies or fragments thereof 
(FAbs, etc.)) or small molecules, or vice versa (the IBL is an antibody and the DBL is a protein). Metal 
ion- metal ion ligands or chelators pairs are also useful. Antigen-antibody pairs, enzymes and 
substrates or inhibitors, other protein-protein interacting pairs, receptor-ligands. complementary 
nucleic acids, and carbohydrates and their binding partners are also suitable binding pairs. Nucleic 
acid - nucleic acid binding proteins pairs are also useful. Similarly, as is generally described in U.S. 
Patents 5.270.163. 5.475.096. 5.567.588, 5,595,877, 5,637.459. 5.683.867.5.705.337. and related 
patents, hereby incorporated by reference, nucleic acid "aptamers" can be developed for binding to 
virtually any target; such an aptamer-targel pair can be used as the IBL-DBL pair. Similariy. there is a 
wide body of literature relating to the development of binding pairs based on combinatorial chemistry 
methods. 
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in a preferred embodiment, the IBL is a molecule whose color or luminescence properties change in 
the presence of a selectively-binding DBL. For example, the IBL may be a fluorescent pH indicator 
whose emission intensity changes with pH. Similarly, the IBL may be a fluorescent ion indicator, 
whose emission properties change with ion concentration. 

Alternatively, the IBL is a molecule whose color or luminescence properties change in the presence of 
various solvents. For example, the IBL may be a fluorescent molecule such as an ethidium salt whose 
fluorescence intensity increases in hydrophobic environments. Similarly, the IBL may be a derivative 
of fluorescein whose color changes between aqueous and nonpolar solvents. 

In one embodiment, the DBL may be attached to a bead, i.e. a "decoder bead", that may carry a label 
such as a fluorophore. 

in a preferred embodiment, the IBL-DBL pair comprise substantially complementary single-stranded 
nucleic acids. In this embodiment, the binding ligands can be referred to as "identifier probes" and 
"decoder probes". Generally, the identifier and decoder probes range from about 4 basepairs in length 
to about 1000, with from about 6 to about 100 being preferred, and from about 8 to about 40 being 
particularly preferred. What is important is that the probes are long enough to be specific, i.e. to 
distinguish between different IBL-DBL pairs, yet short enough to allow both a) dissociation, if 
necessary, under suitable experimental conditions, and b) efficient hybridization. 

In a preferred embodiment, as is more fully outlined below, the IBLs do not bind to DBLs. Rather, the 
IBLs are used as identifier moieties ("IMs") that are identified directly, for example through the use of 
mass spectroscopy. 

In a preferred embodiment, the microspheres do not contain an optical signature. That is. as outlined 
In PCT US98/05025. PCT/US99/20914, U.S. Pat No. 6,023,540 and U.S.S.N.s 09/151.877 and 
09/450,829, each subpopulation of microspheres may comprise a unique optical signature or optical 
tag that is used to identify the unique bioactive agent of that subpopulation of microspheres; that is, 
decoding utilizes optical properties of the beads such that a bead comprising the unique optical 
signature may be distinguished from beads at other locations with different optical signatures. This 
assigns each bioactive agent a unique optical signature such that any microspheres comprising that 
bioactive agent are identifiable on the basis of the signature. These optical signatures comprised 
dyes, usually chromophores or fluorophores. that were entrapped or attached to the beads 
themselves. Diversity of optical signatures utilized different fluorochromes, different ratios of mixtures 
of fluorochromes. and different concentrations (intensities) of fluorochromes. 
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In a preferred embodiment, the arrays do rely solely on the use of optical properties to decode the 
arrays. However, as will be appreciated by those in the art. it Is possible in some embodiments to 
utilize optical signatures as an additional coding method, in conjunction with the other methods 
ouUined below. Thus, for example, as is more fully outlined below, the size of the array may be 
effectively increased while using a single set of decoding moieties in several ways, one of which is the 
use of optical signatures one some beads. Thus, for example, using one "set" of decoding molecules, 
the use of two populations of beads, one with an optical signature and one without, allows the effective 
doubling of the array size. The use of multiple optical signatures similarly increases the possible size 
of the array. 

In a preferred embodiment, each subpopulation of beads comprises a plurality of different IBLs. By 
using a plurality of different IBLs to encode each bioactive agent, the number of possible unique codes 
is substantially increased. That is. by using one unique IBL per bioactive agent, the size of the array 
will be the number of unique IBLs (assuming no "reuse" occurs, as outlined below). However, by 
using a plurality of different IBLs per bead. n. the size of the array can be increased to T, when the 
presence or absence of each IBL is used as the indicator. For example, the assignment of 10 IBLs 
per bead generates a 10 bit binary code, where each bit can be designated as "I" (IBL is present) or 
"0- (IBL is absent). A 10 bit binary code has 2- possible variants. However, as is more fully discussed 
below, the size of the array may be further increased if another parameter is included such as 
concentration or intensity: thus for example, if two different concentrations of the IBL are used, then 
the array size increases as 3". Thus, in this embodiment, each individual bioactive agent in the array is 
assigned a combination of IBLs. which can be added to the beads prior to the addition of the bioactive 
agent, after, or during the synthesis of the bioactive agent, i.e. simultaneous addition of IBLs and 
bioactive agent components. 

Altematively. when the bioactive agent is a polymer of different residues, i.e. when the bioactive agent 
is a protein or nucleic acid, the combination of different IBLs can be used to elucidate the sequence of 

the protein or nucleic acid. 

Thus, for example, using two different IBLs (IBL1 and IBL2), the first position of a nucleic acid can be 
elucidated: for example, adenosine can be represented by the presence of both IBLI and 1BL2; 
thymidine can be represented by the presence of IBLI but not IBL2. cytosine can be represented by 
the presence of IBL2 but not IBLI. and guanosine can be represented by the absence of both. The 
second position of the nucleic acid can be done in a similar manner using IBL3 and IBL4; thus, the 
presence of IBLI, IBL2. IBL3 and IBL4 gives a sequence of AA; IBLI, 1BL2, and IBL3 shows the 
sequence AT; IBL1, IBL3 and IBL4 gives the sequence TA, etc. The third position utilizes IBLS and 
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1BL6. etc. In this way. the use of 20 different identifiers can yield a unique code for every possible 1 0-mer 

The system is similar for proteins but requires a larger number of different IBLs to identify each 
position, depending on the allowed diversity at each position. Thus for example, if every amino acid is 
allowed at every position, five different IBLs are required for each position. However, as outlined 
above, for example when using random peptides as the bioactive agents, there may be bias built into 
the system; not all amino acids may be present at all positions, and some positions may be preset; 
accordingly, it may be possible to utilize four different IBLs for each amino acid. 

In this way. a sort of "bar code" for each sequence can be constructed; the presence or absence of 
each distinct IBL will allow the identification of each bioactive agent. 

m addition, the use of different concentrations or densities of IBLs allows a "reuse" of sorts. If. for 
example, the bead comprising a first agent has a IX concentration of IBL, and a second bead 
comprising a second agent has a 10X concentration of IBL, using saturating concentrations of the 
corresponding labelled DBL allows the user to distinguish between the two beads. 

Once the microspheres comprising the candidate agents and the unique tags are generated, they are 
added to the substrate to form an array. In general, the methods of making the arrays and of decoding 
the arrays is done to maximize the number of different candidate agents that can be uniquely 
encoded. The compositions of the invention may be made in a variety of ways. In general, the arrays 
are made by adding a solution or sluny comprising the beads to a surface containing the sites for 
attachment of the beads. This may be done in a variety of buffers, including aqueous and organic 
solvents, and mixtures. The solvent can evaporate, and excess beads removed. 



In one embodiment the beads or microspheres are contacted with or distributed on the array through 
the microfluidic channels. That is. the beads flow through the channels and are allowed to settle into 
the wells of the substrate. Beads can be distributed onto the array either prior to or subsequent to 
their contacting the sample. A preferred embodiment utilizes contacting the beads and the sample 
prior to loading the array, coupled with mixing, as this can increase the kinetics of binding. When the 
beads are contacted with the sample prior to distribution, the solution may be "emptied" into a 
microwell array. That is the sample including the beads flows into a channel or detection well that 
comprises microwells. The beads settle into the wells and excess sample is removed. 

In an alternative embodiment, the beads are applied to or distributed onto the array, including fiber 
optic bundles, prior to combining the an-ay with the microfluidic chip. 
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It Should be noted that not all sites of an array may comprise a bead; that is. there may be some sites 
on the substrate surface which are empty. In addition, there may be some sites that contain more 
than one bead, although this is generally not preferred. 

In some embodiments, for example when chemical attachment is done, it is possible to attach the 
beads in a non-random or ordered way. For example, using photoactivatible attachment linkers or 
photoactivatible adhesives or masks, selected sites on the an-ay may be sequentially rendered 
surtable for attachment, such that defined populations of beads are laid down. 

The an^ys of the present invention are constructed such that infomiation about the identity of the 
candidate agent is built into the array, such that the random deposition of the beads in the fiber wells 
can be "decoded" to allow identification of the candidate agent at all positions. This may be done in a 
variety of ways, and either before, during or after the use of the array to detect target molecules, as is 
outlined in U.S.S.N.S 60/090,473. 09/189.543. 09/344,526 and 60/172.106 and PCT/US99/14387, all 
of which are expressly incorporated herein by reference. 

Thus, after the array is made, it is "decoded" in order to identify the location of one or more of the 
bioactive agents, i.e. each subpopulation of beads, on the substrate surface. 

In a preferred embodiment, a selective decoding system is used. In this case, only those 
microspheres exhibiting a change in the optical signal as a result of the binding of a target analyte are 
decoded. This is commonly done when the number of "hits", i.e. the number of sites to decode, is 
generally low. That is, the array is first scanned under experimental conditions in the absence of the 
target analytes. The sample containing the target analytes is added, and only those locations 
exhibiting a change in the optical signal are decoded. For example, the beads at either the positive or 
negative signal locations may be either selectively tagged or released from the an-ay (for example 
through the use of photocleavable linkers), and subsequently sorted or enriched in a fluorescence- 
activated cell sorter (FACS). That is, either all the negative beads are released, and then the positive 
beads are either released or analyzed in situ, or alternatively all the positives are released and 
analyzed. Alternatively, the labels may comprise halogenated aromatic compounds, and detection of 
the label is done using for example gas chromatography, chemical tags, isotopic tags mass spectral 
tags. 

As will be appreciated by those in the art. this may also be done in systems where the ar-ay is not 
decoded; i.e. there need not ever be a correlation of bead composition with location. In this 
embodiment, the beads are loaded on the array, and the assay is run. The "positives", i.e. those 
beads displaying a change in the optical signal as is more fully outlined below, are then "marked" to 
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distinguish or separate them from the "negative" beads. This can be done in several ways, preferably 
using fiber optic arrays. In a preferred embodiment, each bead contains a fluorescent dye. After the 
assay and the identification of the "positives' or "active beads", light is shown down either only the 
positive fibers or only the negative fibers, generally in the presence of a light-activated reagent 
(typically dissolved oxygen). In the fomier case, all the active beads are photobleached. Thus, upon 
non-selective release of all the beads with subsequent sorting, for example using a fluorescence 
activated cell sorter (FACS) machine, the non-fluorescent active beads can be sorted from the 
fluorescent negative beads. Alternatively, when light is shown down the negative fibers, all the 
negatives are non-fluorescent and the the postives are fluorescent, and sorting can proceed. The 
characterization of the attached bioactive agent may be done directly, for example using mass 
spectroscopy. 

Altematively. the identification may occur through the use of identifier moieties ("IMs"), which are 
similar to IBLs but need not necessarily bind to DBLs. That Is, rather than elucidate the structure of 
the bioactive agent directly, the composition of the IMs may serve as the identifier. Thus, for example, 
a specific combination of IMs can serve to code the bead, and be used to identify the agent on the 
bead upon release from the bead followed by subsequent analysis, for example using a gas 
chromalograph or mass spectroscope. 

Altematively, rather than having each bead contain a fluorescent dye. each bead comprises a non- 
fluorescent precursor to a fluorescent dye. For example, using photocleavable protecting groups, 
such as certain ortho-nitrobenzyl groups, on a fluorescent molecule, photoactivation of the 
fluorochrome can be done. After the assay, light is shown down again either the "positive" or the 
"negative" fibers, to distinquish these populations. The illuminated precursors are then chemically 
converted to a fluorescent dye. All the beads are then released from the array, with sorting, to fomi 
populations of fluorescent and non-fluorescent beads (either the positives and the negatives or vice 
versa). 

in an alternate preferred embodiment, the sites of attachment of the beads (for example the wells) 
include a photopolymerizable reagent, or the photopolymerizable agent is added to the assembled 
array. After the test assay is run. light is shown down again either the "positive" or the "negative- 
fibers, to distinquish these populations. As a result of the irradiation, either all the positives or all the 
negatives are polymerized and trapped or bound to the sites, while the other population of beads can 
be released from the array. 

In a preferred embodiment, the location of every bioactive agent is determined using decoder binding 
ligands (DBLs). As outlined above. DBLs are binding ligands that will either bind to identifier binding 
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ligands. if present, or to the bioactive agents themselves, preferably when the bioactive agent is a 
nucleic acid or protein. 

In a preferred embodiment, as outlined above, the DBL binds to the IBL. 

In a preferred embodiment, the bioactive agents are single-stranded nucleic acids and the DBL is a 
substantially complementary single-stranded nucleic acid that binds (hybridizes) to the bioactive agent, 
termed a decoder probe herein. A decoder probe that is substantially complementary to each 
candidate probe is made and used to decode the array. In this embodiment, the candidate probes and 
the decoder probes should be of sufficient length (and the decoding step run under suitable 
conditions) to allow specificity; i.e. each candidate probe binds to its con-esponding decoder probe with 
sufficient specificity to allow the distinction of each candidate probe. 

In a preferred embodiment, the DBLs are either directly or indirectly labeled. By labeled" herein is 
meant that a compound has at least one element, isotope or chemical compound attached to enable 
the detection of the compound. In general, labels fall into three classes: a) isotopic labels, which may 
be radioactive or heavy isotopes; b) magnetic, electrical, thermal; and c) colored or luminescent dyes; 
although labels include enzymes and particles such as magnetic particles as well. Preferred labels 
include luminescent labels, including fluorochromes. In a preferred embodiment, the DBL is directly 
labeled, that is. the DBL comprises a label. In an alternate embodiment, the DBL is indirectly labeled; 
that is, a labeling binding ligand (LBL) that will bind to the DBL is used. In this embodiment, the 
labeling binding ligand-DBL pair can be as described above for IBL-DBL pairs. 

Accordingly, the identification of the location of the individual beads (or subpopulations of beads) is 
done using one or more decoding steps comprising a binding between the labeled DBL and either the 
IBL or the bioactive agent (i.e. a hybridization between the candidate probe and the decoder probe 
when the bioactive agent is a nucleic acid). After decoding, the DBLs can be removed and the array 
can be used; however, in some circumstances, for example when the DBL binds to an IBL and not to 
the bioactive agent, the removal of the DBL is not required (although it may be desirable in some 
circumstances). In addition, as outlined herein, decoding may be done either before the an-ay is used 
to in an assay, during the assay, or after the assay. 

In one embodiment, a single decoding step is done. In this embodiment, each DBL is labeled with a 
unique label, such that the the number of unique tags is equal to or greater than the number of 
bioactive agents (although in some cases, "reuse" of the unique labels can be done, as described 
herein; similarly, minor variants of candidate probes can share the same decoder, if the variants are 
encoded in another dimension, i.e. in the bead size or label). For each bioactive agent or IBL. a DBL 
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is made that will specifically bind to it and contains a unique tag. for example one or more 
fluorochromes. Thus, the identity of each DBL. both Its composition (i.e. its sequence when it is a 
nucleic acid) and its label. Is known. Then, by adding the DBLs to the array containing the bioactive 
agents under condrtions which allow the formation of complexes (temned hybridization complexes 
when the components are nucleic acids) between the DBLs and either the bioactive agents or the 
IBLs. the location of each DBL can be elucidated. This allows the identification of the location of each 
bioactive agent: the random array has been decoded. The DBLs can then be removed, if necessary, 
and the target sample applied. 

In a preferred embodiment, the number of unique labels is less than the number of unique bioactive 
agents, and thus a sequential series of decoding steps are used. To facilitate the discussion, this 
embodiment is explained for nucleic acids, although other types of bioactive agents and DBLs are 
useful as well, in this embodiment, decoder probes are divided into n sets for decoding. The number 
of sets corresponds to the number of unique tags. Each decoder probe is labeled in n separate 
reactions with n distinct tags. All the decoder probes share the same n tags. The decoder probes are 
pooled so that each pool contains only one of the n tag versions of each decoder, and no two decoder 
probes have the same sequence of tags across all the pools. The number of pools required for this to 
be true is determined by the number of decoder probes and the n. Hybridization of each pool to the 
array generates a signal at every address. The sequential hybridization of each pool in tum will 
generate a unique, sequence-specific code for each candidate probe. This identifies the candidate 
probe at each address in the array. For example, if four tags are used, then 4 X n sequential 
hybridizations can ideally distinguish 4" sequences, although in some cases more steps may be 
required. After the hybridization of each pool, the hybrids are denatured and the decoder probes 
removed, so that the probes are rendered single-strande'd for the next hybridization (although it is also 
possible to hybridize limiting amounts of target so that the available probe is not saturated. Sequential 
hybridizations can be carried out and analyzed by subtracting pre-existing signal from the previous 
hybridization). 

An example is illustrative. Assuming an an^y of 16 probe nucleic acids (numbers 1-16), and four 
unique tags (four different fluors. for example; labels A-D). Decoder probes 1-16 are made that 
correspond to the probes on the beads. The first step is to label decoder probes 1-4 with tag A. 
decoder probes 5-8 with tag B, decoder probes 9-12 with tag C, and decoder probes 13-16 with tag D. 
The probes are mixed and the pool is contacted with the array containing the beads with the attached 
candidate probes. The location of each tag (and thus each decoder and candidate probe pair) is then 
determined. The first set of decoder probes are then removed. A second set is added, but this time, 
decoder probes 1, 5, 9 and 13 are labeled with tag A. decoder probes 2. 6, 10 and 14 are labeled with 
tag B. decoder probes 3. 7. 11 and 15 are labeled with tag C, and decoder probes 4. 8, 12 and 16 are 
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labeled with tag D. Thus, those beads that contained tag A in both decoding steps contain candidate 
probe 1; tag A in the first decoding step and tag B in the second decoding step contain candidate 
probe 2; tag A in the first decoding step and tag C in the second step contain candidate probe 3; etc. 

In one embodiment, the decoder probes are labeled in situ; that Is, they need not be labeled prior to 
the decoding reaction. In this embodiment, the incoming decoder probe is shorter than the candidate 
probe, creating a 5* "overhang" on the decoding probe. The addition of labeled ddNTPs (each labeled 
with a unique tag) and a polymerase will allow the addition of the tags in a sequence specific manner. 
Ihus creating a sequence^specific pattem of signals. Similarly, other modifications can be done, 
including ligation, etc. 

In addition, since the size of the array will be set by the number of unique decoding binding ligands. it 
is possible to "reuse" a set of unique DBLs to allow for a greater number of test sites. This may be 
done in several ways; for example, by using some subpopulations that comprise optical signatures. 
Similarly, the use of a positional coding scheme within an array; different sub-bundles may reuse the 
set of DBLs. Similarly, one embodiment utilizes bead size as a coding modality, thus allowing the 
reuse of the set of unique DBLs for each bead size. Alternatively, sequential partial loading of arrays 
with beads can also allow the reuse of DBLs. Furthemnore, "code sharing' can occur as well. 

In a preferred embodiment, the DBLs may be reused by having some subpopulations of beads 
comprise optical signatures. In a preferred embodiment, the optical signature is generally a mixture of 
reporter dyes, preferably fluorescent By varying both the composition of the mixture (i.e. the ratio of 
one dye to another) and the concentration of the dye (leading to differences in signal intensity), 
matrices of unique optical signatures may be generated. This may be done by covalently attaching the 
dyes to the surface of the beads, or altematively. by entrapping the dye within the bead. The dyes 
may be chromophores or phosphors but are preferably fluorescent dyes, which due to their strong 
signals provide a good signako-noise ratio for decoding. Suitable dyes for use in the invention 
include, but are not limited to. fluorescent lanthanide complexes, including those of Europium and 
Terbium, fluorescein, rhodamine, tetramethylrhodamine, eosin, erythrosin, coumarin, methyl- 
coumarins. pyrene. Malacite green, stilbene, Lucifer Yellow, Cascade Blue™. Texas Red, and others 
described in the 6th Edition of the Molecular Probes Handbook by Richard P. Haugland. hereby 
expressly incorporated by reference. 

In a preferred embodiment, the encoding can be accomplished in a ratio of at least two dyes, although 
more encoding dimensions may be added in the size of the beads, for example. In addition, the labels 
are distinguishable from one another; thus two different labels may comprise different molecules (i.e. 
two different fluors) or, altematively, one label at two different concentrations or intensity. 
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In a preferred embodiment, the dyes are covalently attached to the surface of the beads. This may be 
done as is generally outlined for the attachment of the bioactive agents, using functional groups on the 
surface of the beads. As will be appreciated by those in the art, these attachments are done to 
minimize the effect on the dye. 

In a preferred embodiment, the dyes are non-covalently associated with the beads, generally by 
entrapping the dyes in the pores of the beads. 

Additionally, encoding in the ratios of the two or more dyes, rather than single dye concentrations, is 
preferred since it provides insensitivity to the intensity of light used to interrogate the reporter dye's 
signature and detector sensitivity. 

In a preferred embodiment, a spatial or positional coding system is done. In this embodiment, there 
are sub-bundles or subarrays (i.e. portions of the total array) that are utilized. By analogy with the 
telephone system, each subarray is an "area code", that can have the same tags (i.e. telephone 
numbers) of other subarrays, that are separated by virtue of the location of the subarray. Thus, for 
example, the same unique tags can be reused from bundle to bundle. Thus, the use of 50 unique tags 
in combination with 100 different subarrays can form an array of 5000 different bioactive agents. In 
this embodiment, it becomes important to be able to identify one bundle from another; in general, this 
is done either manually or through the use of marker beads, i.e. beads containing unique tags for each 
subarray. 

In altemative embodiments, additional encoding parameters can be added, such as microsphere size. 
For example, the use of different size beads may also allow the reuse of sets of DBLs; that is, it is 
possible to use microspheres of different sizes to expand the encoding dimensions of the 
microspheres. Optical fiber arrays can be fabricated containing pixels with different fiber diameters or 
cross-sections; alternatively, two or more fiber optic bundles, each with different cross-sections of the 
individual fibers, can be added together to form a larger bundle; or, fiber optic bundles with fiber of the 
same size cross-sections can be used, but just with different sized beads. With different diameters, the 
largest wells can be filled with the largest microspheres and then moving onto progressively smaller 
microspheres in the smaller wells until all size wells are then filled. In this manner, the same dye ratio 
could be used to encode microspheres of different sizes thereby expanding the number of different 
oligonucleotide sequences or chemical functionalities present in the array. Although outlined for fiber 
optic substrates, this as well as the other methods outlined herein can be used with other substrates 
and with other attachment modalities as well. 
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In a preferred embodiment, the coding and decoding is accomplished by sequential loading of the 
microspheres into the array. As outlined above for spatial coding, in this embodiment, the optical 
signatures can be "reused". In this embodiment the library of microspheres each comprising a 
different bioactive agent (or the subpopulations each comprise a different bioactive agent), is divided 
into a plurality of sublibraries; for example, depending on the size of the desired array and the number 
of unique tags. 10 sublibraries each comprising roughly 1 0% of the total library may be made, with 
each sublibrary comprising roughly the same unique tags. Then, the first sublibrary is added to the 
fiber optic bundle comprising the wells, and the location of each bioactive agent is detemiined. 
generally through the use of DBLs. The second sublibrary is then added, and the location of each 
bioactive agent is again determined. The signal in this case will comprise the signal from the "first" 
DBL and the "second" DBL; by comparing the two matrices the location of each bead in each 
sublibrary can be detemiined. Similariy. adding the third, fourth, etc. sublibraries sequentially will allow 
the array to be filled. 

in a preferred embodiment, codes can be "shared" in several ways. In a first embodiment, a single 
code (i.e. IBL/DBL pair) can be assigned to two or more agents if the target analytes different 
sufficiently in their binding strengths. For example, two nucleic acid probes used in an mRNA 
quantitation assay can share the same code if the ranges of their hybridization signal intensities do not 
overiap. This can occur, for example, when one of the target sequences is always present at a much 
higher concentration than the other. Alternatively, the two target sequences might always be present 
at a similar concentration, but differ in hybridization efficiency. 

Alternatively, a single code can be assigned to multiple agents if the agents are functionally equivalent. 
For example, if a set of oligonucleotide probes are designed with the common purpose of detecting the 
presence of a particular gene, then the probes are functionally equivalent, even though they may differ 
in sequence. Similariy. if classes of analytes are desired, all probes for different members of a class 
such as kinases or G-protein coupled receptors could share a code. Similariy. an array of this type 
could be used to detect homologs of known genes. In this embodiment, each gene is represented by 
a heterologous set of probes, hybridizing to different regions of the gene (and therefore differing in 
sequence). The set of probes share a common code. If a homolog is present, it might hybridize to 
some but not all of the probes. The level of homology might be indicated by the fraction of probes 
hybridizing, as well as the average hybridization intensity. Similariy. multiple antibodies to the same 
protein could all share the same code. 

As will be appreciated by those in the art, the decoding may be done prior to the placement of the 
detection module in the microfluidic device, or afterwards. 
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Once made, the compositions of the invention find use in a number of applications. In a preferred 
embodiment, the compositions are used to probe a sample solution for the presence or absence of a 
target analyte. including the quantification of the amount of target analyte present, as defined above. 

In a prefen-ed embodiment, the target analyte is a nucleic acid. These assays find use in a wide 
5 variety of applications. 

In a preferred embodiment, the probes are used in genetic diagnosis. For example, probes can be 
made using the techniques disclosed herein to detect target sequences such as the gene for 
nonpolyposis colon cancer, the BRCA1 breast cancer gene. P53, which is a gene associated with a 
variety of cancers, the Apo E4 gene that Indicates a greater risk of Alzheimer's disease, allowing for 
1 0 . easy presy mptomatic screening of patients, mutations in the cystic fibrosis gene, cytochrome p450s or 
any of the others well known in the art 

In an additional embodiment, viral and bacterial detection is done using the complexes of the 
invention. In this embodiment, probes are designed to detect target sequences from a variety of 
bacteria and viruses. For example, cun-ent blood-screening techniques rely on the detection of anti- 

1 5 HiV antibodies. The methods disclosed herein allow for direct screening of clinical samples to detect 
HIV nucleic acid sequences, particularly highly conserved HIV sequences. In addition, this allows 
direct monitoring of circulating virus within a patient as an improved method of assessing the efficacy 
of anti-viral therapies. Similarly, viruses associated with leukemia, HTLV-I and HTLV-II, may be 
detected in this way. Bacterial infections such as tuberculosis, chlamydia and other sexually 

20 transmitted diseases, may also be detected. 

In a preferred embodiment, the nucleic acids of the Invention find use as probes for toxic bacteria in 
the screening of water and food samples. For example, samples may be treated to lyse the bacteria 
to release its nucleic acid, and then probes designed to recognize bacterial strains, including, but not 
limited to. such pathogenic strains as, Salmonella. Campylobacter. Vibrio cholerae, Leishmania, 
2 5 enterotoxic strains of £. coli. and Legionnaire's disease bacteria. Similariy , bioremediation strategies 
may be evaluated using the compositions of the Invention. 

In a further embodiment, the probes are used for forensic "DNA fingerprinting" to match crime-scene 
DMA against samples taken from victims and suspects. 



In 



an additional embodiment, the probes in an array are used for sequencing by hybridization. 
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The present invention also finds use as a methodology for the detection of mutations or mismatches in 
target nucleic acid sequences. For example, recent focus has been on the analysis of the relationship 
between genetic variation and phenotype by making use of polymorphic DNA markers. Previous work 
utilized short tandem repeats (STRs) as polymorphic positional markers; however, recent focus is on 
the use of single nucleotide polymorphisms (SNPs). which occur at an average frequency of more 
than 1 per kilobase in human genomic DNA. Some SNPs. particularly those in and around coding 
sequences, are likely to be the direct cause of therapeutically relevant phenotypic variants. There are 
a number of well known polymorphisms that cause clinically important phenotypes; for example, the 
apoE2/3/4 variants are associated witti different relative risk of Alzheimer's and other diseases (see 
Cordor et al.. Science 261(1993). Multiplex PGR amplification of SNP loci with subsequent 
hybridization to oligonucleotide arrays has been shown to be an accurate and reliable method of 
simultaneously genolyping at least hundreds of SNPs; see Wang et al.. Science. 280:1077 (1998); 
see also Schafer et al.. Nature Biotechnology 16:33-39 (1998). The compositions of the present 
invention may easily be substituted for the arrays of the prior art. 

m a preferred embodiment, the compositions of the invention are used to screen bioactive agents to 
find an agent that will bind, and preferably modify the function of. a target molecule. As above, a wide 
' variety of different assay formats may be run. as will be appreciated by those in the art Generally, the 
target analyte for which a binding partner is desired is labeled; binding of the target analyte by tiie 
bioactive agent results in the recruitment of the label to the bead, with subsequent detection. 

Generally, a sample containing a target analyte (whether for detection of the target analyte or 
screening for binding partners of the target analyte) is added to the array, under conditions suitable for 
binding of the target analyte to at least one of the bioactive agents, i.e. generally physiological 
conditions. The presence or absence of the target analyte is then detected. As will be appreciated by 
those in the art. this may be done in a variety of ways, generally ttirough the use of a change in an 
optical signal. This change can occur via many different mechanisms. A few examples include the 
binding of a dye-tagged analyte to the bead, ttie production of a dye species on or near the beads, the 
destruction of an existing dye species, a change in the optical signature upon analyte interaction with 
dye on bead, or any other optical interrogatable event 

In a preferred embodiment the change in optical signal occurs as a result of the binding of a target 
analyte that is labeled, either directly or indirectly, with a detectable label, preferably an optical label 
such as a fluorochrome. Thus, for example, when a proteinaceous target analyte is used, it may be 
either directly labeled with a fiuor. or indirectly, for example through the use of a labeled antibody. 
Similariy. nucleic acids are easily labeled with fluorochromes. for example during PGR amplification 
as is known in ttie art. Alternatively, upon binding of the target sequences, a hybridization indicator 
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may be used as the label. Hybridization indicators preferentially associate with double stranded 
nucleic acid, usually reversibly. Hybridization indicators include intercalators and minor and/or major 
groove binding moieties. In a preferred embodiment, intercalators may be used: since Intercalation 
generally only occurs in the presence of double stranded nucleic acid, only in the presence of target 
hybridization will the label light up. Thus, upon binding of the target analyte to a bioactive agent, there 
is a new optical signal generated at that site, which then may be detected. 

Alternatively, in some cases, as discussed above. the target analyte such as an enzyme generates a 
species that is either directly or indirectly optical detectable. 

Furthermore, in some embodiments, a change in the optical signature may be the basis of the optical 
signal. For example, the interaction of some chemical target analytes with some fluorescent dyes on 
the beads may alter the optical signature, thus generating a different optical signal. 

As will be appreciated by those in the art. in some embodiments, the presence or absence of the 
target analyte may be done using changes in other optical or non-optical signals, including, but not 
limited to, surface enhanced Raman spectroscopy, surface plasmon resonance, radioactivity, etc. 

The assays may be run under a variety of experimental conditions, as will be appreciated by those in 
the art A variety of other reagents may be included in the screening assays. These include reagents 
like salts, neutral proteins, e.g. albumin, detergents, etc which may be used to facilitate optimal 
protein-protein binding and/or reduce non-specific or background interactions. Also reagents that 
otherwise improve the efficiency of the assay, such as protease inhibitors, nuclease inhibitors, 
anti-microbial agents, etc., may be used. The mixture of components may be added in any order that 
provides for the requisite binding. Various blocking and washing steps may be utilized as is known in 
the art. 

In a preferred embodiment, two-color competitive hybridization assays are run. These assays can be 
based on traditional sandwich assays. The beads contain a capture sequence located on one side 
(upstream or downstream) of the SNP. to capture the target sequence. Two SNP allele-specific 
probes, each labeled with a different fiuorophor. are hybridized to the target sequence. The genotype 
can be obtained from a ratio of the two signals, with the correct sequence generally exhibiting better 
binding. This has an advantage in that the target sequence itself need not be labeled. In addition, 
since the probes are competing, this means that the conditions for binding need not be optimized. 
Under conditions where a mismatched probe would be stably bound, a matched probe can still 
displace it Therefore the competitive assay can provide better discrimination under those conditions. 
Because many assays are carried out in parallel, conditions cannot be opBmzed for every probe 
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simuKaneously. Therefore, a competitive assay system can be used to help compensate for non- 
optimal conditons for mismatch discrimination. 

in a preferred embodiment, dideoxynucleotide chain-termination sequencing is done using the 
compositions of the invention. In this embodiment, a DNA polymerase is used to extend a primer 
using fluorescentiy labeled ddNTPs. The 3' end of the primer is located adjacent to the SNP site. In 
this way. the single base extension is complementary to the sequence at the SNP site. By using four 
different fluorophors. one for each base, the sequence of the SNP can be deduced by comparing the 
four base-specific signals. This may be done in several ways. In a first embodiment, the capture 
probe can be extended; in this approach, the probe must either be synthesized 5'-3" on the bead, or 
attached at the 5' end. to provide a free 3' end for polymerase extension. Alternatively, a sandwich 
type assay can be used; in this embodiment, the target is captured on the bead by a probe, then a 
primer is annealed and extended. Again, in the latter case, the target sequence need not be labeled. 
In addition, since sandwich assays require two specific interactions, this provides increased stringency 
which is particularly helpful for the analysis of complex samples. 

SNP analysis may also be done using pyrosequencing and other methods, as is generally described in 
U.S.S.Ns. 60/130.089, 60/160,027. 09/513,362. 60/135.051. 60/161.148. 09/517.945. 60/135.053. 
09/425.633. 09/535.854. 09/553. 993 and 09/556.463, and PCT application entitled -Detection of 
Nucleic Acid Reactions on Bead Arrays" filed April 20. 2000 (no serial number received) expressly 
incorporated herein by reference. 

in some embodiments, the use of adapters as described in U.S.S.N.s 60/135,123 and 60/160,91 7.both 
of which are expressly incorporated herein by reference, finds use in the invention. 

. In addition, when the target analyte and the DBL both bind to the agent it is also possible to do 
detection of non-labeled target analytes via competition of decoding. 

In a preferred embodiment, the methods of the invention are useful in array quality control. Prior to 
this invention, no methods have been described that provide a positive test of the performance of 
every probe on every array. Decoding of the angy not only provides this test, it also does so by 
making use of the data generated during the decoding process itself. Therefore, no additional 
experimental work is required. The invention requires only a set of data analysis algorithms that can 
be encoded in software. 

The quality control procedure can identify a wide variety of systematic and random problems in an 
array. For example, random specks of dust or other contaminants might cause some sensors to give 
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an incorrect signal-this can be detected during decoding. The omission of one or more agents from 
multiple arrays can also be detected- An advantage of this quality control procedure is that it can be 
implemented immediated prior to the assay itself, and is a true functional test of each individual 
sensor. Therefore any problems that might occur between array assembly and actual use can be 
5 detected. In applications where a very high level of confidence is required, and/or there is a significant 
chance of sensor failure during the experimental procedure, decoding and quality control can be 
conducted both before and after the actual sample analysis. 

In a preferred embodiment, the arrays can be used-to do reagent quality control. In many instances, 
biological macromolecules are used as reagents and must be quality controlled. For example, large 
10 sets of oligonucleotide probes may be provided as reagents. It is typically difficult to perform quality 

control on large numbers of different biological macromolecules. The approach described here can be 
used to do this by treating the reagents (formulated as the DBLs) as variable instead of the arrays. 

In a preferred embodiment, the methods outlined herein are used in array calibration. For many 
15 applications, such as mRNA quantitation, it is desirable to have a signal that is a linear response to the 
concentration of the target analyte. or. altematively, if non-linear, to determine a relationship between 
concentration and signal, so that the concentration of the target analyte can be estimated. 
Accordingly, the present invention provides methods of creating calibration curves in parallel for 
multiple beads in an array. The calibration curves can be created under conditions that simulate the 

2 0 complexity of the sample to be analyzed. Each curve can be constructed independently of the others 

(e.g. for a different range of concentrations), but at the same time as all the other curves for the array. 
Thus, in this embodiment, the sequential decoding scheme is implemented with different 
concentrations being used as the code "labels", rather than different fluorophores. In this way. signal 
as a response to concentration can be measured for each bead. This calibration can be carried out 
25 just prior to array use, so that every probe on every array is individually calibrated as needed. 

In a preferred embodiment, the methods of the invention can be used in assay development as well. 
Thus, for example, the methods allow the identification of good and bad probes; as is understood by 
those in the art. some probes do not function well because they do not hybridize well, or because they 
cross-hybridize with more than one sequence. These problems are easily detected during decoding. 

3 0 The ability to rapidly assess probe performance has the potential to greatly reduce the time and 

expense of assay development 

Similarly, in a preferred embodiment, the methods of the invention are useful in quantitation in assay 
development. Major challenges of many assays is the ability to detect differences in analyte 
concentrations between samples, the ability to quantitate these differences, and to measure absolute 
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concentrations of analytes. all in the presence of a complex mixture of related analytes. An example 
of this problem is the quantitation of a specific mRN A in the presence of total cellular mRNA. One 
approach that has been developed as a basis of mRNA quantitation makes use of a multiple match 
and mismatch probe pairs (Lockhart et a!.. 1996). hereby incorporated by reference in its entirety. 
While this approach is simple, it requires relatively large numbers of probes. In this approach, a 
quantitative response to concentration is obtained by averaging the signals from a set of different 
probes to the gene or sequence of interest. This is necessary because only some probes respond 
quantitatively, and it is not possible to predict these probes with certainty. In the absence of prior 
knowledge, only the average response of an appropriately chosen collection of probes is quantitative. 
However, in the present invention, this can be applied generally to nucleic acid based assays as well 
as other assays. In essence, the approach is to identify the probes that respond quantitatively in a 
particular assay, rather than average them with other probes. This is done using the array calibration 
scheme outlined above, in which concentration-based codes are used. Advantages of this approach 
include: fewer probes are needed; the accuracy of the measurement is less dependent on the number 
of probes used; and that the response of the sensors is known with a high level of certainty, since 
each and every sequence can be tested in an efficient manner. It is important to note that probes that 
perfom well are chosen empirically, which avoids the difficulties and uncertainties of predicting probe 
performance, particularly in complex sequence mixtures. In contrast, in experiments described to date 
with ordered arrays, relatively small numbers of sequences are checked by perfomring quantitative 
spiking experiments, in which a known mRNA is added to a mixture. 

Generally, the methods are as follows. In a preferred embodiment, the target is moved into the 
detection module. In general, two methods may be employed; the assay complexes as described 
below are formed first (i.e. all the soluble components are added together, either simultaneously or 
sequentially).°upstream" of the detection module, and then the complex is added to the surface for 
subsequent binding to a detection array. Altematively. the target may be added where it binds the 
capture binding ligand and then additional components are added. The latter is described in detail 
below, but either procedure may be followed. Similarly, some components may be added, 
electrophoresed. and other components added; for example, the target analyte may be combined with 
any capture extender probes and then transported, etc. In addition, as outlined herein, "washing" 
steps may be done using the introduction of buffer into the detection module, wherein excess reagents 
(non-bound analytes. excess probes, etc.) can be driven from the surface. 

In a preferred embodiment, the methods include processing the sample upstream of the detection 
chamber. That is. the sample processing occurs in one or more channels or chambers of the chip. In 
one embodiment sample preparation occurs in more than one channel; however, sample processing 
occurs in parallel. The prepared sample is then recombined into a single channel that flows to the 
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detection module. Thus, for example, a variety of different PGR reactions may be done in a plurality 
of chambers, with all the reaction products being added to a single an^y. Alternatively, parallel 
reactions can be added to different an^ys. In a preferred embodiment, the reactions happen 
sequentially: for example, a first PGR reaction can be perfonmed in a first chamber and a "nested" 
5 PGR reaction perfomned in a subsequent chamber. 

Sample movement within the channels can occur through conventional methods including electro- 
osmotic flow, capillary action or pressure, as outlined herein, and includes the use of "on chip" and "off 
chip" pumps. In one embodiment -movement of the sample stops once the sample contacts the 
detection module. This allows time for any of the above-described assays to occur. Alternatively. 
1 0 movement is not necessarily stopped, but rather slows down as the sample crosses the array. 
Alternatively, for fast reactions or when recirculation is used, the flow is unchanged. 

Regulating sample flow is accomplished by reducing the driving force that is applied to the sample. 
Alternatively, physical aspects of the detection module can be altered to affect sample flow. In one 
embodiment the diameter of the detection module is increased relative to other channels. This results 
15 in slowing the sample flow. 

In an alternative embodiment, sample flow can be re-circulated across the detection module. In this 
embodiment, a closed looped channel is used to re-circulate the sample. Recirculation also may 
improve the assay and/or signal detection by facilitating mixing across the array. 

The sample is intnDduced to the array in the detection module, and then immobilized or attached to the 

2 0 beads. In one embodiment, this is done by forming an attachment complex (frequently referred to 

herein as a hybridization complex when nucleic.acid components are used) between a capture probe 
and a portion of the target analyte. Alternatively, the attachment of the target sequence to the beads is 
done simultaneously with the other reactions. 

The method proceeds with the introduction of amplifier probes, if utilized. In a prefered embodiment, 
25 the amplifier probe comprises a first probe sequence that is substantially complementary to a portion 
of the target sequence, and at least one amplification sequence. 

In one embodiment, the first probe sequence of the amplifier probe Is hybridized to the target 
sequence, and any unhybridized amplifier probe is removed. This will generally be done as is known 
in the art, and depends on the type of assay. When the target sequence is immobilized on the an^y 

3 0 surface, the renr^oval of excess reagents generally is done via one or more washing steps, as will be 

appreciated by those in the art. 
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The invenUon thus provides assay complexes that minimally comprise a target sequence and a label 
probe. "Assay complex" herein is meant the collection of attachment or hybridization complexes 
comprising analytes, including binding ligands and targets, that allows detection. The composition of 
the assay complex depends on the use of the different probe component outlined herein. The assay 
complexes may include the target sequence, label probes, capture extender probes, label extender 
probes, and amplifier probes, as outlined herein, depending on the configuration used. 

The assays are generally run under stringency conditions which allows formation of the label probe 
attachment complex only in the presence of target. Stringency can be controlled by altering a step 
parameter that is a thermodynamic variable, including, but not limited to. temperature, formamlde 
concentration, salt concentration, chaotropic salt concentration pH, organic solvent concentration, etc. 
Stringency may also include the use of an electrophoretic step to drive non-specific (i.e. low 
stringency) materials away from the detection array. 

These parameters may also be used to control non-specific binding, as is generally outlined in U.S. 
Patent No. 5.681,697. Thus it may be desirable to perform certain steps at higher stringency 
conditions; for example, when an initial hybridization step is done between the target sequence and 
the label extender and capture extender probes. Running this step at conditions which favor specific 
binding can allow the reduction of non-specific binding. 

Once the assay complexes are fomied on the detection array, detection proceeds, generally through 
optical detection of fluorescence. Thus, preferred embodiments utilize detection modules that 
comprise optical windows to allow detection of target analytes. 

In a preferred embodiment, mixing of the sample is performed to facilitate signal detection. That is. as 
demonstrated in Figure 1, substantial improvement in signals is observed when sample vibration is 
implemented during an experiment. In one embodiment, this vibration or mixing is caused by vibration 
of the chip itself. Alternatively, the mixing is caused by continuous sample flow over the an-ay surface. 
In this embodiment, the flow of the sample over the surface comprising microspheres provides 
sufficient high aspect ratio features to induce a level of turbulent flow that enhances the interaction of 
the sample with the beads. In an altemative embodiment, the vertical microstructures or posts as 
described above serve to disrupt the laminar flow over the beaded surface. 

Accordingly, the present invention further provides devices or apparatus for the detection of analytes 
using the compositions of the invention. As will be appreciated by those in the art. the modules of the 
invention can be configured in a variety of ways, depending on the number and size of samples, and 
the number and type of desired manipulations. 
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In a preferred embodiment, when a fiber optic bundle is used in the detection module, the results from 
the experiment are read from the end of the bundle not attached to the chip. In this embodiment, this 
end of the bundle is connected a CCD camera or other scanning instrument as is known In the art In 
addition, the results are examined by focusing a confocal scanning instrument onto the end of the fiber 
5 bundle that is within the chip. 

As outlined herein, the devices of the invention can be used in combination with apparatus for 
delivering and receiving fluids to and from the devices. The apparatus can include a "nesting site" for 
placement of the device(s) to hold them in place and for registering inlet and outlet ports, if present 
The apparatus may also include pumps ("off chip pumps'), and means for viewing the contents of the 

10 devices, including microscopes, cameras (including CCD cameras and scanners), etc. The apparatus 
may include electrical contacts in the nesting region which mate with contacts integrated into the 
structure of the chip, to power heating or electrophoresis, for example. The apparatus may be 
provided with conventional circuitry sensors in communication with sensors in the device for thermal 
regulation, for example for PGR themral regulation. The apparatus may also include a computer 

1 5 system comprising a microprocessor for control of the various modules of the system as well as for 
. data analysis. 

All references cited herein are incorporated by reference in their entirety. 
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CLAIMS 

We claim: 

1. A microfluidic device for the detection of a target analyte in a sample comprising a solid support 

comprising: 

a) a sample inlet port 

b) at least one sample handling well; 

c) a first microchannel to allow fluid contact between said sample inlet port and said sample 
handling well; 

d) a detection module comprising: 

i) a substrate with a surface comprising discrete sites; and 

ii) a population of microspheres comprising at least a first and a second 
subpopulation. wherein each subpopulation comprises a bioactive agent; 
wherein said microspheres are distributed on said surface; 

iii) a detection inlet port to receive said sample; and 

e) a second microchannel to allow fluid contact between said sample handling well and said 
detection inlet port. 

2. A microfluidic device comprising: 

a) a plurality ofsample handling wells; 

b) a detection channel comprising; 

i) a substrate with a surface comprising discrete sites; and 

ii) a population of microspheres comprising at least a first and a second 
subpopulation. wherein each subpopulation comprises a bioactive agent, wherein said 
microspheres. are distributed on said surface; and 

c) at least one microchannel to allow fluid contact between each of said sample handling wells 
and said detection channel. 

3. A device according to claim 2, wherein said substrate comprises the detection channel. 

4. A device according to claim 1 or claim 2, wherein said substrate comprises a fiber optic bundle. 

5. A device according to claim 1 , claim 2. claim 3, or claim 4, wherein each subpopulation further 
comprises an optical signature. 
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6. A device according to claim 1, claim 2, claim 3, claim 4 or claim 5, wherein each subpopulation 
further comprises an identifier binding ligand that will bind a decoder binding ligand such that the 
identification of the bioactive agent can be elucidated. 

7. A device according to claim 1 , claim 2, claim 3, claim 4, claim 5 or claim 6. wherein said bioactive 
5 agent is a nucleic acid. 

8. A device according to claim 1 . claim 2, claim 3, claim 4. claim 5. claim 6 or claim 7, wherein said 
substrate-comprises vertical microstructures between said discrete sites. 

9. A device according to claim 1. claim 2, claim 3, claim 4, claim 5, claim 6, claim 7 or claim 8. further 
comprising a device for regulating sample flow. 

10 10. device according to claim 9, wherein said device comprises a closed looped channel. 
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